(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property OrganizatioD 
Internationa] Bureau 




loniiiiiiiiiiiiiiiiiiiiinii 



(43) International Publication Date (10) International Publication Number 

25 October 2001 (25,10.2001) pCT WO 01/79164 A2 



(51) International Patent Classification^: C07C 333/00 

(21) International Application Number: FCTAJSOl/09037 

(22) International FlUng Date: 21 March 2001 (21.03:^001) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 
60/190,790 



21 March 2000 (21.03^000) US 



(71) Applicant (for all designated States except US): 
ATHEROGENICS, INC. [USAJS]; 8995 Westside 
Parkway, Alphaietta, GA 30004 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (/or WSon/y;: MENG, Charles, Q. 
[CA/US]; 725 Northeiden Court, Alpharetta, GA 30005 
(US). MEDFORD, Russell, M. [USAJS]; 7935 Fawndale 
Way, AUanta, GA 30350 (US). SAXENA, Uday [IN/US]; 
2900 Galahad Drive, Atlanta, GA 30034 (US). HOONG, 
Lee, K. [MY/US]; 220 Gaines Oak Way, Suwanee, GA 
30024 (US). SOMERS, Patricia, K. [US/US]; 201 Yale 
Way, Fort Collins. CO 80525 (US). 



(74) Agent: KNOWLES, Sherry, M.; King & Spalding, 191 
Peachtree Street, Atlanta, GA 30303-1763 (US). 

(81) Designated States (national): AE, AO, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ. CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, H, GB, GD, GE, GH, GM, 
HR, HU, ID, m IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS. LT, LU. LV, MA, MD, MG, MK, MN, MW, MX, 
MZ, NO. NZ, PL, PT, RO. RU. SD, SB, SG. SI, SK, SL, 
TJ, TM. TR, TT. TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIFO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG. ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES. n. FR, GB. GR, IE, 
IT. LU. MC. NL, PT, SE. TR). OAPI patent (BF, BJ, CF, 
CG, CI. CM, GA, GN, GW. ML* MR, NE, SN, TD. TG). 

Published: 

— without international search report and to be republished 
upon recent of that repcrt 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations** appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



< 



w (54) ntle: JV^UBSTmJTED DITHIOCARBAMATES FOR THE TREATMENT OF BIOLOGICAL DISORDERS 

O 

(57) Abstract: Methods and compositions for the treatment of proliferative cell diseases, such as cancer, are provided, using N-sub- 
stituted dithiocaibamates. 



PCT/DSOl/09037 

WO 01/79164 

c^^Tporrrrmrn nrrmOCARP AMATF.S FOR THF. TREATMENT OF 
mm OGTCAL mSORDERS 



RELATED APPUCATIONS 
Tins application claims priority to U.S. Provisional AppUcation No. 60/190.790, 
filed March 21. 2000. 

HELD OF THE INVENTION 
The preseat invention describes iy^-substituted dithiocarbamate esters and their nse in 
Ihe treatment of biological disorders. The jy^-substituted dilMocarbamate esters are 
particularly useful in the treatment of hypeiproliferative conditions such as cancer. They 
can also be used in flie treatment of VCAM-1 mediated conditions such as cardiovascular 
disorders and inflammatory diseases. 

BACKGROUND OF THE INVENTION 

A wide range of disorders involve Ihe hypeiproliferadon of cells, ranging fiom 
psoriasistobenignandmalignanttumors. These disorders are generally caused by a loss of 
control over nomial ceU growth. di£fer«itiation, or the process of programmed ceU death 
(apoptosis). Many of tire ahnomiaHties that underUe these disorders, particularly cancer, 
occur at the genetic leveL Antineoplastic agents (also Imown as cytotoxic agents) are oflm 
used in the treatment of hyperproliferadve conditions. Therapy with antineoplastic agents is 
successful in the treatment of a mimber of mahgnant conditions; however, m most it is used 
to palUate the symptoms and to prolong life in patients with advanced disease. 

Cancerisaclassoftumorsthatisdiaracterizedbyinvasivenessandmetastasi Kis 

possible to recur after attempted removal, and causes deafli unless adequately Heated. 
....n,^». Medical DistiM. 25th Edition Illustrated, WilUams & WiDdns. 1990. 
Approximately 1.2 million Americans are diagnosed with cancer each year. 8.000 of whidi 
are children, hi addition, 500.000 Americans die from cancer each year in the United States 
alone. Specifically, lung and prostate cancer are the top cancer killers for men while lung 
and breast cancer are the top cancerkillers for women. It is estimated that cancer-related 
costs account for about 10 percent of the total amomit spent on disease treatment m flie 
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United States. CNN Cancer Facts. http://wvm,CTn.com/HEALTHy9511/conquer_canc 
fects/indexJitml, page 2 of 2, July 18, 1999. 

Althou^ a variety of approaches to cancer therapy (e.g., surgical resection, 
radiation therapy, and chemother^y) are available and have beai used for many years, 
5 cancer remains one of the leading causes of death in the world. This is due in part to the 
fact that the tiierapies fliemselves cause significant toxic side-e£fect8 and re-emergence is 
common. 

Antineoplastic agents have been described extensively in a number of texts, 
including Martindale, The Extra Pharmacopoeia, 3 1"* Edition, Royal Pharmaceutical 
10 Society (1996). 

Antineoplastic agents include: 

(i) antifolates; 

(ii) antimetabolites (including purine antimetabolites, cytarabine, 
fiidarabine, floxuridine, 6-mercaptopurine, methotrexate, 5-fluoropyrimidine, 

15 including 5-fluorouracil, cytidine analogues such as ^Lrl,3-dioxolanyl cytidine and 
6-thioguamne); 

(iii) hydroxyurea; 

(iv) mitotic inhibitors (including CPT-11, Etoposide( VP-21)), taxol, and 
vincristine, 

20 (v) alkylating agents (including but not limited to busulfan, chlorambucil, 

cyclophosphamide, ifofamide, mechlorethamine, melphalan, and thiotepa); 

(vi) nonclassical alkylating agents, platinum containing conq>ounds, 
bleomycin, anti-tumor antibiotics, anthracycline, anthracenedione, topoisomerase 11 
inhibitors, hormonal agents (including but not limited to corticosteroids 

25 (dexamethasone, prednisone, and methylprednisone); and 

(v) androgens such as fluoxymesterone and methyltestosterone, estrogens 
such as diethylstilbesterol, antiestrogens such as tamoxifen, LHRH analogues such 
as leuprolide, antiandrogens such as flutamide, aminoglutethimide, megestrol 
acetate, and medroxyprogesterone), asparagmase, cannustine, lomustine, 

30 hexamethyl-melamine, dacarbazme, mitotane, streptozocin, cisplatin, carbcplatin, 
levamasole, and leucovorin. 
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A more comprehensive list of antineoplastic agents includes Aceglatone; 
Aclarubici^ Allretamine; Aminoglutethimide; S-Anunogleavulinic Add; Amsacnne; 
Mas^ozole; Ancitabine Hydrochloride; IT-lA Antibody; Antilymphocyte 
Lnmunoglob^; Antineoplaston AlO; Asparaginase Peg^argase; Azadtidme; 
Azathioprine; Batimastat; B^porphyrin Derivative; Bicalutamide; Bisantrene 
Hydrochloride; Bleomycin Sulphate; Brequinar Sodium; Broxuridine; Busulphan; 
Campath-IH; Caracemide; Carbetimer. Carboplatin; CaAoquone; Carmo&r. Carmustine; 
Chlorambucil; Chlorozotocin; Chromomycin; Ci^latin; Cladribine; Corynebactenum 
parvum; Cyclophosphamide; Cyclosporin; Cytarabine; Dacarbarine; Dactinomycm; 
Dannorubicin Hydrochloride; Decitabine; Diaziquone; Dichlorodiefliylsulphid., Didemmn 
B- DocetaxeU Doxifluridine; Doxorubicin Hychloride; Droloxifene; Echinomycm; 
E^rexate; ElUptinium; Ehnustine; Enloplatin; Enocitabine; Epirubicin Hydrochlonde; 
Estramustine Sodimn Phosphate; Etanidazole; Ethoglucid; Etoposide; Fadrozole 
Hydroddoride; Faz^ine; Fenretinide; Floxuridine; Fludarabine Phosphate; Fluorouraal; 
Flutamide; Formestane; Fotemustine; Gallium Nitrate; Gencitabine; Guspermms; 
Homoharringtonine; Hydroxyurea Idarubicin Hydrochloride; Ifosfemide; Dmofbsme; 
w^osulfen Tosylate; Inolimomab; Interleukin-2; Irinotecan; JM-216; Letrozole; L.thmm 
Gamolenate; Lobaplatii, Lomustine; I^nidamine; Mafosfamide; Melphalax^ Menoganl; 
Marc^topurine; Methotrexate Methotrexate Sodium; Miboplatin; Miltefosine; 
Misonidazole; MitobionitoU Mitoguazone Dihydrochloride; Mitol^tol; Mitomycn^ 
Mitotane; Mitozanetrone Hydrochloride; Mizoribine; Mopidamol; Multialcblpeptide; 
Muromonab^S; Mustine Hydrochloride; Mycopheaolic Acid; Mycophenolate Mof^; 
Nedaplatin; Nitatamide; Nimustine Hydrochloride; Oxaliplatin; PacUtaxel; PCNU; 
P^xostatin; Peplomycin Sulphate; Pipobromao; Pinorubicin; Piritrexhn Isethionate; 
Pixoxantrone Hydrochloride; PUcamycin; porfimer Sodium; Prednimustine; Procarbazme 
HydrocMoride;RBltitrexed;Ranimustine;Razoxane;Rogletimide;Roquto^^^ Sebnplatm; 
Semustine; Sirolimus; Sizofiran; Sobuzoxane; Sodium Bromebrate; Sparfosac Aad; 
Sp^osate Sodiun^ Sreptozocir^ Sulofenur. Tacrolimus; Tamoxifen; Tega&r. Teloxan^e 
Hydrochloride; Temozolomide; Teniposide; Testolactone; Tetrasodium Meso- 
tetraphenylporphinesulphonate; Thiogoanine; Unoinosine; Unotep^^ Topotecan; 
Toremifene; Treosulfen; Trimetrexate; Trofosfemide; T^or Necrosis Factor. Ubenmx«; 
Uramustine; Vinblastine Sulphate; Vincri^e Sulphate; Vindesine Sulphate; Vinorelbme 
Tartrate; Vorozole; Zinostatin; Zolimomab Aritox; and Zorubidn Hydrochlonde. 
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For about four decades, the antimetabolite S-fluoiouradl (5-FU), and nucleosides 
which include fliis base (e.g., 5-fluaio-2'-deoxyuridine or FdlM), have remained among 
the few "standard" drags effective against solid tumors in man. S-Fhiorouradl is used 
mainly for the treatment of colorectal, ovarian, renal, breast and head and neck cancers. 5- 
Fluoro-2'-deQxyuridine is used for the treatment of solid tumors, including hepatic 
metastases of advanced gastrointestinal adenocarcinomas, rwial cell carcinomas, advanced 
ovarian cancer, and squamous cell carcinomas of the head and neck. Hie clinical utility of 
the fluoropyrimidines is limited by the host-toxidty induced by the administration of fliese 
compounds. Manifestations of the host-toxicity of the fluoropyrimidines inchide mainly 
gastrointestinal epithelial ulceration, myelosuppression and, to a lesser extend 
cardiotoxicities, hepatotoxicities and neurotoxicities. A population of cancer patients is 
intolerant to treatment with 5-fluorouracil and 5-fluoro-2'-deoxyuridine. Moreover, it has 
also been shown that cancers, treated with fluoropyrimidines, become resistant, i.e., develop 
iolamct towards these drugs. 

Colorectal cancer {CR.C) is a multi-step process resulting from the accumulation of 
mutations in clonal populations of colonocytes. Mutations of the p53 tumor suppressor 
gene are a relatively late, yet common event in the pafliogenesis of colorectal cancer, 
occurring in over 80% of late adenomas and carcinomas (Fearon, et al., FASEB J. 6, 2789 
(1992); Srivastarva, et al., Contemp. OncoL ^ril 63 (192); Kline, et al. Cancer (Phila. 73, 
28 (1994). Conventional therapy for advanced disease, such as cytotoxic chemotherq)y and 
gamma-iiradiation, induce DNA damage in proliferating cells. This damage, through 
undefined mechanism(s), signals the induction of p53, which, in turn, leads to inhibition of 
cellular proliferation by induction of Gi cell cycle arrest and, in some instances, qwptoas. 
Thus, tumors laddng functional p53 are fixquently refiactory to such fher^es (S.C. 
Righetti et al. Cancer Res. 56, 689 (1996); J. S. i^ovack et al.. Proc Natl Acad. Sd. 
U.S.A. 93, 1093 (1996)), en^hasizing the importance of developing treatments for 
advanced colorectal cancer that do not rely cm functional pS3. 

The most effective single chemotherapeutic agent for advanced colorectal cancer to 
date remains 5-FU. The active metabolite of 5-FU, 5-fluoK)deoxyuridine-5*-monqphosphate 
(FdUMP), forms a complex with thymidylate synthase (TS) in the presence of reduced 
folate, thereby inhibiting enzyme activity, and depleting precursors for DNA synthesis. 5- 
FU is also incorporated into RNA, altering its processing and function, although how this 
correlates with cytotoxicity is unknown. Previous data suggest that 5-FU can utilize bofli 
p53-dependent and independent pathways (E hard, et aly Pharmacol. Hier. 72, 149 
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(1996)), aUhough a loss of p53 function dramatically reduces 5-FU efficacy (B. Cohen et 
dL, Cancer (Phila.) 67, 1859 (1991); Advanced Cancer Meta-Analysis Project, J. Clin. 
Oncol. 10, 896 (1992)). 

VCAM-1 

Adhesion of leukocytes to the endothelium rqiresents a fundamental, early event in 
a wide variety of inflammatory conditions, inchiding athetoscloosis, autofamnune disorders 
and bacterial and viial infections. Leukocyte recruitment to the endotheHum is started 
inducible adhesion molecule receptors on the smfece of endoflielial cells interact wife 
counterreceptors on immune cells. Vascular endoflielial ceUs determine which type of 
leukocytes (monocytes, lymphocytes, or neutrophils) are recruited, by selectively 
expressing specific adhesion molecules, such as vascular ceU adhesion molecule-1 (VCAM- 
1), mteicellular adhesion molecule-1 (ICAM-1), and E-selectin. hi the earUest stage of flie 
atherosclerotic lesion, there is a localized endotheUal expression of VCAM-1 and selective 
recruitment of mononuclear leukocytes that express the integrin countenreceptor VlA-4. 
Because of the selective expression of VLA-4 on monocytes and lymphocytes, but not 
neutrophils, VCAM-1 is inq)ortant in mediating the selective adhesion of mononuclear 
leukocytes. Subsequent conversion of leukocytes to foamy macrophages results in the 
syntiiesis of a wide variety of inflammatory cytokines, growth factors, and chemoattractants 
that help propagate the leukocyte and platelet recruitment, smooth muscle cell prohferation, 
endothelial cell activation, and extracellular matrix synthesis characteristic of maturing 

aflieroscleiotic plaque. 

VCAM-1 is a mediator of dnonic inflammatory disorders such as asfluna. 
rheumatoid artbritis and autohnmune diabetes. For example, it is known that the expression 
of VCAM-1 and ICAM-1 are increased in asflunatics. Pilewski, J.M., et cd. Am. J. Respir. 
CellMol Biol. 12, 1-3 (1995); Ohkawara, Y., et aL, Am. J. Respir. Cell Mol. Biol. 12, 4-12 
(1995). AdditionaUy, blocking flie mtegrin receptors for VCAM-1 and ICAM-1 (VLA-4 
and LFA-1, respectively) suppressed both early and late phase responses m an ovalbumin 
sensitized rat model of allergic airway responses. Rabb, H. A., cf ai. Am. J. Respir. Care 
Med. 149, 1186-1191 (1994). There is also hicreased expression of endoflielial adhesion 
molecules, mcludmg VCAM-1, m flie microvasculature of Aeumatoid synovium. Koch, 
A.E. et oL, Lab. Invait. 64, 313-322 (1991); Morale^Ducret, J. et al., Immunol. 149, 1421- 
1431 (1992). Neutrahzing antibodies directed against VCAM-1 or its counter receptor, 
VLA-4, can delay flie onset of diabetes m a nM model (NOD mice) which spontaneously 
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develop the disease. Yang, XD. et al., Proc. Natl Acad. ScL U.SjL 90, 10494-10498 
(1993); Burldy, L.C. et al.. Diabetes 43, 523-534 (1994); Baion, JX. et aL, J. Qin. htvest 
93, 1700-1708 (1994). Monoclonal antibodies to VCAM-1 can also have a beneficial efBsct 
in atiiitifli models of allograft rejection, suggesting that inhibitors of VCAM-1 expression 
may have utility in preventing transplant rejection. Oroez, C.G. al., hnmunol LetL 32, 7- 
12(1992). 

VCAM-1 is expressed by cells both as a membrane bound form and as a soluble 
form. The soluble form of VCAM-1 has beai shown to induce chemotaxis of vascular 
endothelial cells in vitro and stimulate an angiogenic response in rat cornea. Koch, AJ. et 
aL, Nature 376, 517-519 (1995). Inhibitors of the expression of soluble VCAM-1 have 
potential ther^eutic value in treating diseases with a strong angiogenic conqjonent, 
including tumor growfli and metastasis. Folkman, J., and Shing, Y., BioL Chem. 10931- 
10934(1992). 

U. S. Patent Nos. 5,750,351; 5,807,884; 5,811,449; 5,846,959; 5,773,231, and 
5,773,209 to Medford, et aL, aa well as the corresponding WO95/30415 to Emory 
Ihiiversity indicate that polyunsaturated fetty acids ('TUFAs") and their hydroperoxides 
C*ox-PUFA8*0, which are inq)ortant componaits of oxidatively modified low density 
lipoprotdn (LDL), mduce the expression of VCAM-1, but not interceUular adhesion 
molecul©-! OtCAM-1) or E-selectin in human aortic endothelial cells, toougb a medianism 
that is not mediated by Qiokines or o&er noncytokine signals. This is a fimdamental 
discovery of an inq)ortant and previously unknown biological pathway m VCAM-1 
mediated immune responses. 

The induction of VCAM-1 by PUFAs and their fatty add hydroperoxides is 
suppressed by dithiocaibamate salts, mduding pynolidme difliiocaibamate (PDTC). This 
indicates that the induction is mediated by an oxidized signal molecule, and fliat the 
induction is prevented when the oxidation of flie molecule is blodced (i.&, the oxidation 
does not occur), reversed (Le., the signal molecule is reduced), or when flie redox modified 
signal is otherwise prevented from interacting witti its regulatory target 

Difliiocarbamates 

Dithiocarbamates and related compounds have been reviewed extensively by several 
authors, including G. D. Thom et al in a book entitled 'The Dithiocarbamates and Related 
Compounds," Elsevier, New York, 1962. Dithiocarbamates are transition metal chelators 
clinically used for heavy metal intoxication, i It, R.C., F.W.J. Sundennan, et al. (1977), 
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-XJoinparisons Of antidotal efficacy of soditm diethyldiliuocaA 

triefliylenetetanime upon acute toxidty of nickel ca^ T?es Copapup Chgw 

Pathol Pharmacol 18(4): 677-88; Memw. T. and K. Kaaber (1978), 'Treabnent of 
pompholyx due to nickel aUergy with chelating agents » Contact Dermatitis 4(5): 2»9-90; 
Sundetman. F.W. (1978), "Clinical response to therapeutic agents in poisoning ftom 
mercury vapor" Ann Clin Lab Sci 8(4): 259-69; Sunderman. F.W. (1979). 'TEfficacyof 
sodium diethylditiriocaibamate (dithiocaib) in acute nickel carbonyl poisoning." AmSM 
Lab Sci 9(1): 1-10; Gale, GJR., A3. Smifli. et al (1981). Tttethyldilhiocaibamate in 
treatment of acute cadmium poisoning." AunqiinLabSci 11(6): 476-83; Jones. UM. and 
M.G. Cherian (1990). "The search for chelate ahtagonists for chronic cadmium 
intoxication." Toxicology 62(1): 1-25; Jones, S.G.. MA. Basinger, et d. (1982), "A 
comparison of diethyldithiocaibamate and EDTA as antidotes for acute cadmium 
intoxication." rnmmun Chem P^thnl Pharmacol 38(2): 271-8; Pages, A., J.S. Casas, et 
al (1985), 'TMthiocaibamates in heavy metal poisonmg: complexes of N,N-di(l- 
hydroxyethyl)dithiocarbamate with Zn(II). Cd(II), Hg(II), CHSHgCQ), and C6H5Hg(II).: L 
to^gBioto 25(1): 35-42; Tandon, SSL., N.S. Hasbmi, et al. (1990), 'The lead-didating 
effects of substituted dithiocarbamates." Biomed Environ Sci 3(3): 299-305. 

Researchers in oncology have evaluated the use of a number of dithiocarbamates in 
various cancer-treatment appUcations. For example, PCT WO 99/01118 of Chinery et al 
discloses the use of antioxidants to enhance the treatment of hyperproliferative disorders 
sudi as cancer. The publication states that antioxidants can be combined with 
antineoplastic agents sudi as 5-fluorouiacil (5-FU) to potentiate Ihe activity of the 
antineoplastic agent to more effectively treat breast cancer, colon cancer, and other cancers. 
The piibUcation indicates tiiat dithiocarbamates which act as antioxidants are required, and 
spedficaUy exemplifies dithiocarbamates of the fonnula, R2NC(S)SR. in which the nitrogen 
of Ihe dilhiocarbamate functionality is a tertiary amine. The nitix>gen forms part of a 
heterocycle, or it is disubstituted by two alkyl groups or variants thereof. 

Ditiiiocarbamates have also been used adjunctively in cis-platinum chemotherapy to 
preventrenal toxicity. For exan5)le,M. Hacker m CmcsR^ 42(11): 4490-4 (1982), 
reported on fhc effect of disulfiram (tetraethylthiuram disulfide) and diethyldithiocarbamate 
onthebladdertoxidtyandantitumoractivityofcyclophosphamideinmice. SssjlsaBorch 
et al, U.S. Patent No. 4,594,238 (disclosing the use of dialkyl-dithiocarbamates to reduce 
the t«ixicity of antineoplastic platinmn compounds); U.S. Patent No. 5.002.755 to Mitchell 
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et al (disclosmg the use of dethylditibiocaibamate, diOiydioxyefhyl)dithiocaibamate, and N- 
methyl, N-dilhiocaiboxy-D-glucjamine to reduce nephrotoxicity of pladnum cotqpounds). 

U.S. Patent No. 5,187,193 to Borch et al. discloses the use of ditiuocaibamate salts 
and adds to treat damaged bone manow and to stimulate fbs production of bone marrow 
ceU growth fectors. U.S. Patent No. 5,294,430 to Borch et al. discloses that 
difliiocarbamates can reverse the damage to flie blood-forming function of the bone manow 
(myelosuppression) caxised by treatment with non-platinum antineoplastic agents. The 
general disclosure of both patents indicates that the nitrogen fimction of the dithiocarbamate 
can be part of a heterocyclic ring, or it can be substituted by two alkyl moieties or by one 
alkyl moiety and one hydrogen. Exemplary difliiocarbamates include 
diethyldithiocaibamate, N-mefliyl-glucamine diflriocarbamate and pentametiiylene 
dithiocarbamate. 

The CAS abstract for Japanese Kokai 55-015457 (CAS Abstract No. 1981:139788) 
discloses compounds having the formula RRHCH2)mNHC(S)SCH2CHR^COR^ wherein: R 
and can be methyl, eth^ or togeflier can form a phenj* ring; R^ is H or methyl; and R^ is 
a saturated heterocyclic ring bound to the conq)ound througji nitirogea The abstract 
indicates that these compounds have anti-inflammatory, anti-iheumatic, hypotensive, 
immunosuppressant, and anticancer activities. 

The CAS abstract for Japanese Kokai 51-105016 (CAS Abshact No. 1977:30075) 
discloses compounds of the general formula (ara]kyl>NHC(S)SCH[2CH(NH2)CQ2R. 
wha&n. R is H, aDcjrl, alkenyl, alkynjd, cycloalk)^ or lowerhak>a]k}d. Tte abstract 
indicates that these conq)ounds display antibacterial, anticarchiogenic, and heibicidal 
activity. 

The CAS abstract for Jq)anese Kokai 49-135942 (CAS Abstract No. 1975:156722) 
discloses symmetric compounds of the general formula ROOCCH(NH2)CH2SC(S)NHCH2- 
phenyl-CH2NHC(S)SCH2CH(NH2)COOR, and indicates fliat these compounds can be used 
as antimicrobial drugs and anticancer drugs. 

The CAS lOjstract for French patent publication 2596987 (CAS Abstract No. 
1988:548872) indicates that compounds of the formula NH2NHCSNHNH2 proved active 
against leuk«nia in a murine model, and also displayed antibacterial effects against 
Esdierichia coli, St^hylococcus aureus, and tuberculosis in vitro. 

Research into inflammation and cardiovascular disease has ako focused on 
ditiiiocarbamates. For example, U. S. Patent Nos. 5,380,747; 5,792,787; 5,783,596; 
5,750,351; 5,821,260; 5,807,884; 5,811,449 .846,959; 5,877,203; and 5,773,209 to 
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Medford, et al, teach the use of dithiocaibamate salts and adds for the treatoent of 
cardiovascular and other inflammatory diseases. Brandies include sodium pyirolidine-N- 
caiboditbioate. trisodium N^-di(caiboxymefliyi)-N-carbodi4ioaJB, and sodium N^- 
diethyi-N-caibodithioate. Ihe ditWocaibamates disclosed in fliese patents all are 
disubstitated at the nitrogen of the diUdocaAamate function by alkyi or variant fliereo^ or 
the nitrogen is part of a heterocycUc ring. As mentioned above, the CAS abstracts for 
J^anese Kokais 55^15457, 51-105016. and 49-135942, and the CAS abstract for Frcndi 
patent pubUcation 2425431, disclose various compounds characterized by the intermediate 
dithiocaibamate moiety .NHC(S)S-. and disclose various inflammatory indications for such 
coixq>oiiiids. 

In addition, the CAS abstract for J^anese Kokai 54-141726 (CAS Abstract No. 
1980:181659) discloses JV-substituted dithiocaibamates of the general formula NR2- 
a]kylene-NHC(S)S-alkylene-CH(NHR)COOR (wherein R2 is H, alkyl, or forms a 
heterocycle with N), and indicates that the compounds inhibtt leukocytopenia and act as 
adjuvants in the treatment of arthritis. 

The CAS abstract for Japanese Kokai 48-005771 (CAS Abstract No. 1976:446399) 
discloses an i^-substituted dithiocarijamate ester of the formula (isopropyl)-NHC(S)S-CH2- 
(pyridine)-CH202NHR, and indicates that the conq)Ound was hypotensive in spontaneously 
hypertensive rats. 

U.S. Patent Nos. 4.173,644, 4,120,972, and 4.120,966 to Brown et d. disclose 2-(5- 
methyl-4-imidazolylmethylthio)ethyl N-methyldithiocarbamate. and indicate that the 
compound can act as a histamine Hj-antagomst. and is thus useful as an anti-inflammatory 
agents and as an inhibitor on the effects of histamine on blood pressure. 

per WO 00/00192 filed by Boyle at el. discloses cycUc dithiocaibamates, of the 
formuU R'R^C(S)SR. wherein and R* constitute a heterocycle that includes the 
nitrogen of the dilhiocart)amate moiety. Ihe reference indicates that the compomids are 
useful to ameliorate or prevent inflammation. 

U.S. Patent No. 4.16 6,866 to Wight et aL disclose the use of thioesters of 
di&iocarbaniUc acid or corresponding aryl-substituted dithiocari)anilic adds as 

immunosiq)pressaiits. 

U.S. Patent No. 3.875,170 to Matsumoto et aL disclose the use of pyridine 
bis(dithiocaibamate) derivatives as anti-hypertensive and anti-inflammatory agents. 
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U.S. Patent No. 4^(G,832 discloses Aiocaibamoylthio fetty acids of the fonnula 
aiyi-alkylene-NHC(S)S-aIkylei»-X, wherein X is an acid, ester, amide, or cyano, and 
indicates that the confounds are useM lipid lowering agents. 

U.S. Patent No. 5,563,159 to Rusaba et at discloses dithiocaxbinfanide derivatives of 
dithiocaibamate esters useM as agariddal, fungicidal and insecticidal agents. 

U.S. Patent No. 5,344,842 to Missbadi discloses thiosemicaibazone derivatives fliat 
are useful for treating iheumatoid-type diseases. 

It is an object of this mvention to provide new methods, conqiositions, and strategies 
for treating hyperproliferative disorders, including cancer. 

Anoflier object of the present invention is to provide mettiods of inqooving the 
efficacy, and/or reducing the toxicity, of antineoplastic agents administered in the treatment 
of hyperproliferative disorders. 

It is anothCT object to provide new methods and compositions to treat VCAM-1 
mediated diseases such as cardiovascular disease and inflanmiatory disorders. 

It is another object to provide new methods of using i\r-substituted dithiocaibamate 
esters in &e treatment of biological disorders. 

It is still another object to provide new classes of iV-substituted dithiocarbamate 
esters, and pharmaceutical formulations from such classes. 

SUMMARY OF THE INVENTION 

Certain JV-substituted dithiocaibamate esters have been identified that have activity 
against hyperproliferative conditions. These compounds can be used to treat hyper- 
proliferative conditions alone, or can be used in combination with one or more other 
antmeoplastic agents. When used in combmation with another antineoplastic agent, the 
combination can mhibtt cellular proUferation to a greater extent than either compound 

administered individually. 

Moreover, the combined dosage of antineoplastic agents with these AT-substituted 
dithiocaibamate esters exhibits a desired degree of selectivity with respect to transformed 
(for exan^le cancerous) versus non-tranfonned ceU types, indicating that the compounds 
are more toxic to transformed cells than normal cells. M o&er words, the non-transformed 
cell types are less susceptible to the growth-inhflritory effects of a combined treatment than 
transformed cell types. These discoveries provide a therapeutic basis for the use of these 
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A^substitoted dithiocaAamate esters in &e treatment of cancer and oHier diseases 
characterized by hyperproliferative cell growttt 

The jyr^ubstituted dithiocaibamate esters of the present invention contain the 
dilhiocaAamatefunctionality(-NR2C(S)S-).inwMdioneof&eR The 
«JV.substitated dithiocaibamate esters." as defined m more detail hereto, thus all have a 
carbamatenitrogenwithonehydrogensubstituent K has surprisingly been found that these 
AT-substituted dilhiocarbamate esters have independent chemotherq)eutic activity even 
though many of these compounds are not antioxidants. lUe compounds may also potentiate 
the activity of antineoplactic agents. 

A preferred class of AT-substituted di&iocaAamate esters is defined by the foUowing 

general fonnula (I): 

(linkei^) (linker^) 
H 

® 

wherein: 

a) X is selected fiom alkyi, alkenyl, alkynyl, heterocycUc. heteroaryi. aryi. 
aralkyU heterocyclicattyl. heteroarylalkyl, alkaryl, alkylheterocycUc. or 
alkylheteroaryl which can be optionally substituted; 

b) Y is selected independently from H, CN, OR. OC(0)R. C(0)NR'R^ C(0)R, 
m}K\ C(OXOR). amino acid, alkyl, alkenyl, alkynyl, heterocyclic, 
hetero^l, aryl aialkyl, heterocycficalkyl. heteroarylalkyl alkaryl. 
alkylheterocycUc, or alkylheteroaryl which can be optionaUy substituted; and 
wherein R, and R' are independently H. alkyl, alkenyl. alkynyl 
heterocycUc. heteroaryi aryl aralkyl heterocycUcalkyl heteroarylalkyl 
alkaryl alkylheterocycUc. or alkylheteroaryl which can be optionaHy 
substituted; 

c) Unker > and Unker ^ are independently alkyl alkenyl alkynyl heterocycUc, 
heteroaryi aryl aralkyl heterocycUcalkyl heteroarylalkyl alkaryl 
alkyUieterocycUc, or alkylheteroaryl which can be optionaUy substituted and 
wherein Uiikar' can be a direct bond; 

M another embodiment. Y is selected independently from CN. OR. OC(0)R 
C(0)NR'r'. C(0)R. NR'R', and C(0)(OR). 
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Another exanq>le of conq)ounds is defined by the following structure (E): 

(CH2)a X (^2)m 

(D) 

wherein: 

X is aheterocycle or heteroaryl moiety, Y is CN, OR, OC(0)R, C(0)NR^R^ CXO)R. 
NR'R^ or C(0)(OR); n is 1, 2, 3, or 4 and m is 1, 2, 3, 4, 5 or 6. 
The invention thus provides: 

1. Defined jyr-substituted dithiocarbamate esters, and pharmaceutical formulations 
of such JV-substituted ditbiocaibamate esters; 

2. The use of defined iyr-substituted dithiocarbamate esters ia Has treatment of 
cellular hyperproliferation; 

3. The use of J\r-svibstituted dilhiocaibamate esters in combination with 
antineoplastic agents in the treatment of cellular hyperproliferatiom and 

4. The use of AT-substituted dithiocarbamate esters to potentiate the efBcacy of 
antineoplastic agoits. 

It has also been discovered that the defined iV-siibstituted dithiocarbamate esters 
inhibit the expression of VCAM-1, and thus can be used to treat disorders mediated by 
VCAM-1. Inflammatory disorders fliat are mediated by VCAM-1, and which can be treated 
using the iST-substituted ditbiocaibamate esters of the present invention, include rheumatoid 
arthritis, osteoarthritis, asthma, dermatitis, psoriasis, cystic fibrosis, and multiple sclerosis. 
Cardiovascular disorders that are mediated by VCAM-1, and which can thus be treated 
using Ihe JV-substituted dithiocarbamate esters of the present invention, include 
atherosclerosis, post-angioplasty restenosis, coronary artery diseases, angina, and small 
artery disease. 

Thus, in still fijrther embodimeaits the invention provides: 
1. Pharmaceutical compositions that comprise a VCAM-1 inhibiting amount of an 
//-substituted difliiocaibamate ester of the present inveaition, or its 



2. Methods for treating diseases or disorders mediated by VCAM-1 by 
administering an effective amount of a W-substitiited difliiocarbamate ester of 
tiie present invention. 
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3. Methods for treating cardiovascular and inflanunatory disorders by 
administeiing an effective amount of a iV-substituted di&iocarbamate ester of 
the presQit inventioii. 
In yet another embodiment, certain of these JV-substituted dithiocaibamate esters act 
as inducers of a phase n enzyme, for example, including glutathione S-transferase, UDP- 
glucuronosyltransferase, and/or quinone oxidoredudase I (NQOl). "nris can be confiimed 
using the method described in De Long at, Proc. Nail Acad Sd USA 83(3):787-791 
(1986) and Talalay, Adv. Enzyme ReguL 28:237-250 (1989); Prochaska et d.. Cancer Res. 
48(17):4776^782 (1988). 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a bar graph ilhistrating the effect of iV-substituted dithiocaibamate esters 
in soKd tumor cell lines and three non-transformed cell types. As shown in the figure, there 
is a time-dependent inhibition of proliferation in all of the transformed cell lines (HeLa, 
H1299, MCF-7, Saos-2, and T98G) at lOpM dithiocaibamate in combination with O.lpM 5- 
fluorouradl (a concentration of 5-FU in which there was no significant inhibition of 
proliferation of any cell types when tested alone). In all transformed ceU types, by 72 hours 
the value is significantly different (p<0.05) when conqjared to both control (DMSO) 
treated-cells and compared to cultures treated with O.lpM 5-FU alone. 

Figure 2 is a schematic depiction of the protocol for performing the Leucomcthylene 
Blue (1MB) assay, an assay which measures the abiKty to reduce lipid hydroperaxides to 
the alcohol form. 

Figure 3 is a bar graph showing the results of testing a control, DMSO, PTDC, and 
4-(tetrahydiofuran-2-yhnethyllhiocarbamoylsulfenyl)butyric add methjd ester at 

concentrations of 25 and 125 \M, in the LMB assay. 

Figure 4 is an OxyBlot oxidized proton analysis of PTDC and 4-(tdrahydro&ran-2- 
yhnethylthiocaibamoylsulfanyl)-butyric add methyl ester showing that PTDC but not 4- 
(tetrahydro&ran.2-yhnethylthiocarbamoylsulfanyl)-butyric add methyl ester inhibit 
cytokine induced oxidatively modified proteius in NEJBE cells. 
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DETAILED DESCRIPTION OF THE INVENTION 



Active Compounds 



A preferred class of J\r-substituted dithiocarbamate esters is defined by the following 
general formula (I): 



(linker^) II (linker^) 



a) X is selected fiom alkyl, alkenyl, alkynyl, heteiocycUc, heteroaiyl, aryl, 
aralkyl, heterocycUcalkyl, heteroarylalkyl, alkaiyl, alkylheterocycUc, or 
alkylheteroaryl which can be optionally substituted; 

b) Y is selected independentiy from H, CN, OR. OC(0)R, C(0)NR^R^ C(0)R, 
^IR*R^ CXO)(OR), amino acid, alkyl, alkenjd, alkynyl, heterocyclic, 
heteroaryl, aryl, aralkyl, heterocyclicalkyl, heteroarylalkyl, alkaryl, 
alkylheterocyclic, or alkylheteroaryl which can be optionally substituted; and 
wherdn R, R' and R^ are independently H, alkyl, alkenyl, alkynyi, 
heterocycUc, heteroaryl. aiyl, aralkyl, heterocycUcalkyl, heteroarylalkyl, 
alkaryl, alkylheterocyclic, or alkylhetaoaryl which can be optionally 
substitoted; 

c) linker ' and linker ^ are independently alkyl, alkenyl, aUcynyl, heterocyclic, 
heteroarjd, aryl, aralkyl, heterocycHcalkyl, heteroarylalkyl, alkaryl, 
alkylheterocyclic, or alkylheteroaryl, which can be optionally substituted and 
wherdn linkei^ can be a direct bond; 

In another embodiment, Y is selected independently from CN, OR. OC(0)R, 
C(0)NR'R^ C(0)R, NR'R', and C(0)(OR). 

Another example of compounds is defined by the following structure (II): 




wherein: 
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X is a heterocyde or heteroaromatic moiety. Y is CN, OR, CX;(0)R, C(0)NR'R 
C(0)R, NR*R^ or C(OXOR); n is 1, 2, 3, or 4 and m is 1, 2, 3, 4, 5, or 6. 

Another class of JV-substituted dilbiocarbamates is defined by the following structure 

(CH2)n 1 (CHzXn 
H 



wherein: 

a) Xistetiahydrofurai^ 

b) Y is independently H, CN or a substituted or unsubstituted group selected 
from alkyi, alkenyl, aDcynyl. OR, OC(0)R, C(0)NR'R^ C(0)R, NR^R^ 
heterocycUc, heteroaryi, aryl, aralkyl, hetetocycljdalkyl, heteroarylalkyl, 
alkaryl, alkylheterocyclic, or alkylheteroaiyl; 

c) R, R* and R^ are H or optionally substituted lower alkyl; and 
S) n is 0-12 and mis 1-12. 

ii another embodiment, the invention provides compounds of formula 0) or (11) 
wherein: 

a) X is an optionally substituted 5 or 6 membered heterocyclic ring; 

b) Y is H or a substituted or unsubstituted group selected from aDcyl, alkenyl. 
alkynyl, OR, CN. 0C(0)R, C(0)NR^R\ C(0)R. NR*R^ heterocyclic, 
heteroaryi, aryl, aralkyl, heterocycle-alkyl. heteroarylalkjd, alkaryl, 
alkylheterocyclic, or aDcylheteroarylt 

c) R is H or substituted or unsubstituted lower allqd; 

d) R^ and R^ are independently H, substituted or unsubstituted alkyl, or together 
with N constitute a 3, 4. 5, 6, or 7 membered heterocycUc or heteroaromatic 
bridge, such as -{QJzV wherein m is 2, 3, 4. 5. or 6; 

e) n is 1-3; and 

f) mis 1-12. 
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fil another embodiment the invention provides comporads of formula 0) or (IQ 

whraein: 

a) X is a substituted or imsubstitated 5 or 6 membered heterocyclic; 

b) Yis COOR; 

c) nisl-3;and 

d) m is 1-10, preferably 1-5. 

In another embodiment flie invention provides compounds of formula (I) or (D) 
i^^herein: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocyclic; 

b) Yis OCXOR); 

c) nisl-3;and 

d) m is 1-10, preferably 1-5. 

In another embodiment the invention provides compounds of formula (I) or (D) 
wherein: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocyctic; 

b) YisC(0)NR^R^ 

c) and R^ are indepraidently H, substituted or unsubstituted alkyi, or together 
with N constitute a 3, 4, 5, 6, or 7 membered hetetocycUc or heteroaiomatic 
bridge, such as -(CH2V ^erdn m is 2, 3, 4, 5 , or 6; 

d) n is 1-3; and 

e) m is 1-10, preferably 1-5. 

hi another embodiment the invention provides compounds of formula (I) or (11) 
whorem: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocyclic; 

b) YisC(0)0]^ 

c) RisHorloweralkyl; 
S) nisl-3;and 

e) m is 1-10, preferably 1-5. 



SUBSTITUTE SHEET (RULE 26) 



wo 01/79164 .. FCT/OSOIA^OST 

17 

Id another embodiment the invention provides compounds of formula (t) ot (O) 
^orein: 

a) X is a substituted or unsvibstituted 5 or 6 membered heterocycUc; 

b) YisC(0)R; 

c) R is lower alkyl, preferably mettiji; 

d) nisl-3;and 

e) m is 1-10. 

In another embodiment the invention provides con^unds of formula (D or (D) 
wherein: 

a) X is an optionally substituted 5 or 6 membered heterocycUc; 

b) Y is an optionally substituted aryl, heteroaryl, or heterocycUc; 

c) nisl-3;and 

d) mis 1-5. 

In stiU ano&er embodiment the invention provides compounds of formula (I) or (D) 
wherdn: 

a) X is an optionally substituted 5 or 6 membered heterocycUc; 

b) Y is CN, H, NR'R^ or C(0)(NR'R^ C(0)0R. or OC(OR); 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R' and R=* are independently H, substituted or unsubstituted alkyl, or together 
ydth N constitute a 3, 4, 5, 6, or 7 membered heterocycUc or heteroaromatic 
bridge, such as -{CHzW wherein m is 2, 3, 4, 5, or 6; 

e) nisl-3;and 

f) mis 1-5. 

In another embodiment, the invention provides compoxa^ of formula (0 or (II) 
wfaerdn: 

a) X is substituted or unsubstituted aryl or heteroaryl; 

b) Y is H, CN or a substituted or unsubstituted group selected from alkyl, 
alkenyl. alkynyl, OR, OC(0)R. C(0)NR'R^ C(0)R, NR»R^ heterocycUc, 
heteroaryl, aryl. aralkyl. heterocyclylalkyl, heteroarylalkyl. alkaryl, 
aBQrUieterDcycUc, or alkylheteroaryl; 

c) R is H or substituted or unsubst dloworaUcyl; 
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d) are independeatly H, substituted or unsubstituted alkyl. or together 
wifli N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaromatic 
bridge, such as -(CHOnr "wherem m is 2, 3, 4, 5, or 6; 

e) nis0-3;aiid 

f) mis 1-10. 

Eq another embodiment the invention provides compounds of formula ® or (D) 



wherein: 




a) 


X is optionally substituted aryl or hetetoaryU 


b) 


YisC(0)OR; 


c) 


R is H or lower alkyl; 


d) 


n is 0-3; and 


e) 


mis 1-10, preferably 1-5. 



Jn another onbodiment tiie invention provides conqjounds of formula (I) or CtQ 
wherein: 

a) X is substituted or unsubstituted aiyl or heteroaryl; 

b) YisCOOCHa; 

c) nis0-3;and 

d) m is 1-10, preferably 1-5. 

In another embodiment ttie invention provides compounds of formula (I) or (D) 
wherdm 

a) X is substituted or unsubstituted arj4 or heteroaryl; 

b) YisC(0)NR'R^ 

c) R^ and R^ are independently H, substituted or unsubstituted alkj^, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocycKc or heteroaromatic 
bridge, sudi as -(CHzXn- wheran m is 2, 3, 4, 5, or 6; 

d) n is 0-3; and 

e) m is 1-10, preferably 1-5. 

In anotiier embodiment the invention provides compounds of formula (0 or (D) 
wherein: 

a) X is substituted or unsubstituted .or heteroaryl; 

SUBSTITUTE SHEET (RULE 26) 



wo 01/79164 



19 



PCTAJSOl/09037 



b) YisC(0)R; 

c) R is lower alkyi; 

d) nis0-3;aiid 

e) m is 1-10. 

In another embodiment the invention provides conq)OTmds of formula (I) or (11) 
wherein: 

a) X is substituted or unsubstituted aryl or heteroaryU 

b) Y is substituted or unsubstituted arjd, heteroaryl, or heterocyclic; 

c) nis0-3;and 

d) misl-S. 

In still another embodiment tihe invention provides compounds of formula 0) or (□) 
wherein: 

a) X is substituted or unsubstituted aryl or heteroaryl; 

b) Yisa^J,H,NR'R^orCH(NR'R')CXO)OR; 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R^ and R^ are independently H, substituted or unsubstituted aUcyl, or togeflier 
with N constitute a 3, 4, 5, 6, or 7 membered heterocycUc or heteoaromatic 
bridge, such as -(C3i2)m- wherein m is 2, 3, 4, 5, or 6; 

e) n is 0-3; and 
£) m is 1-5. 

Li another embodiment, the invention provides compounds of formula (I) or OT) 
wheiein: 

a) X is a substituted or unsubstituted (preferably unsubstituted) 2- or 3- 
benzofuran, benzothiophene, or indole; 

b) Y is H, CN or a substituted or unsubstituted group selected from alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)NR^R^ C(0)R, NR'r', heterocycUc, 
heteroaryl, aryl, aralkyl, heterocycycUc-alkyl, beteroarylalkyl, alkaiyl, 
alkylheterocyclic, or alkylheteroaryl; 

c) R is H or sub stituted or unsubstituted lower alkyl; 

d) R^ and R^ are independently H or substituted or unsubstituted lower sSkyl; 

e) nisl-3;and 



SUBSTITUTE SHEET (RULE 26) 



wo 01/79164 

f) mis 1-12. 



20 



PCT/USOl/09037 



la another embodimeat the invention provides conqpoimds of formula (I) or (BQ 
wherein: 

a) X is a substituted or unsubstituted preferably unsubstituted) 2- or 3- 
benzofiiran, benzothiophene, or indole; 

b) YisC(0)OR; 

c) RisHorloweralkyl; 

d) n is 1-3; and 

e) m is 1-10, preferably 1-5, 

In another embodiment the invention provides compounds of formula ® or (II) 
wherein: 

a) X is a substituted or unsubstituted preferably unsubstituted) 2- or 3- 
benzofuran, benzothiophene, or indole; 

b) YisC(0)R; 

c) R is lower alkyl; 

d) n is 1-3; and 

e) m is 1-10. 

In another embodiment flie invention provides conipounds of formula (I) or (II) 
wherein: 

a) X is a substituted or unsubstituted (preferably unsubstituted) 2- or 3- 
benzofuran, benzothiophene, or indole; 

b) Y is substituted or unsubstituted aiyl,heteroaryl, or heterocyclic; 

c) ni8l-3;and 

d) misl-S. 

In still another embodiment flie invention provides compounds of formula CO or (II) 

wherein: 

a) X is an aDcyl group; 

b) Y is H, CN or a substituted or unsubstituted groiq? selected &om alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)NR'r', C(0)R, NR'r', heterocycUc, 
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heteroaryi, aryl, aralkyl, heterocyclylsdkyl. heteroarylalkyl, alkaryl, 
alkylheterocyclic, or alkylheteroaryl; 

c) R is H or substituted or unsubstituted lower alkyU 

d) and R^ are independently H, substituted or unsubstituted alkyl, or together 
witbN constitute a 3, 4, 5, 6, or 7 membered heterocycHc orheteroaiomatic 
bridge, such as -iCSIiha- wherein m is 2, 3, 4, 5, or 6; 

e) nis0-3;and 
£) mis 1-10. 

In another embodiment the invention provides confounds of fomula ® or (11) 



a) X is a substituted or unsubstituted carbohydrate; 

b) YisCCOW 

c) RisHorloweraDcyl; 

d) n is 0-3; and 

e) mis 1-10. 

In another embodiment the invention provides compounds of foraiula (I) or (H) 



c) n is 0-3; and 

d) mis 1-10. 

In another embodiment the invention provides compounds of foraiula © or (II) 



a) X is a substituted or unsubstituted carbohydrate; 

b) YisC(0)NR^R^; 

c) R^ and R^ are independently is H or lower alkyU 

d) nis0-3;and 

e) m is 1-10. 



wherein: 



wherein: 



a) 
b) 



X is a substituted or unsubstituted caibohydiate; 
Y is an amino acid; 



wherein: 
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In another embodiment the invention provides compounds of formula (1) or (IT) 



wherdn: 




a) 


X is a substituted or unsubstituted carbohydrate; 


b) 


YisCXO)R; 


c) 


R is lower alkyl; 


d) 


nisO-3;aDd 


e) 


mis 1-10. 



In another embodiment the invention provides compounds of formula (I) or (IQ 

wherein: 

a) X is a substituted or unsubstituted carbohydrate; 

b) Y is substituted or unsubstituted aryl,heteroaryl, or heterocyclic; 

c) n is 0-3; and 

d) m is 1-S. 

In another embodiment the invention provides compounds of formula (I) or (D) 
wherein: 

a) X is a substituted or unsubstituted carbohydrate; 

b) YisCN,H,NR^R^orCH(NR^R^)C(0)OR; 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R^ and R^ are indqpendently H, substituted or unsubstituted alkyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaromatic 
bridge, such as -(CH2)m- wherein m is 2, 3, 4, 5, or 6; 

e) nisO-3;and 

f) m is 1-5. 

In another embodiment the invention provides compounds of formula (I) or (II) 
wherdn: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylalkyl or 
heterocyclicalkyl, wherein the heterocyclic or heteroaryl binds to the 
molecule through a carbon in flie ring of the heterocyclic or heteroaryl; 

b) Y is H, CN or a substituted or unsubstituted group selected fix)m alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)NR^R^ C(0)R, NR^R^ carbohydrate. 
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amino arid. heterocycUc. heteroaiyl, aiyl. ardkyl, heterocycUcalkyl, 
heteroaryialkyl, aDcaryl, attylheteiocyclic, or alkylheteroaryU 

c) R is H or substituted or imsubstitiited lower aDQl; 

d) ffl^R2 are independently H. substituted orimsubstitatedalkyl. ortogetber 
with N constitute a 3 , 4, 5. 6, or 7 membered heterocyclic or heteroaromatic 
bridge, such as -(CHzV wherdn m is 2, 3. 4, 5, or 6; 

e) n is 0-3; and 

f) m is 1-10. 

In another embodiment the invention provides compounds of formula (I) or (II) 
wherein: 

a) X is substituted or unsubstituted hetetocycUc, heteroaryl, heteroaryialkyl or 
heterocycUcalkyl, wherein the heterocycUc or heteroaryl binds to the 
molecule through a carbon in the ring of the heterocycUc or heteroaryl; 

b) YisC(0)OR; 

c) RisHorloweralkyl; 

d) n is 0-3; and 

e) mis 1-10. 

In anoflier embodiment the invention provides compounds of formula (I) or (II) 
i^eacein: 

a) X is substituted or unsubstituted heterocycUc, heteroaryl, heteroaryialkyl or 
hetetocycUcalkyi. wherein the heterocycUc or heteroaryl binds to the 
molecule through a carbon in the ring of the heterocycUc or het^roaryU 

b) Y is an amino add; 

c) n is 0-3; and 

d) mis 1-10. 

In another embodiment the invention provides conq)ounds of formula (I) or 
whadn: 

a) X is substituted or unsubstituted heterocycUc, heteroaryl, heteroaryialkyl or 
heterocycUcalkyl, wherdn the heterocycUc or heteroaryl binds to tiie 
molecule through a carbon in the ring of the heterocycUc or heteroaryl; 

b) YisC(0)NR'R^ 
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c) and are mdepeudently is H or loww alkyl; 

d) n is 0-3; and 

e) m is 1-10. 

In another embodiment the invention provides conqwvmds of formula (I) or (D) 
v^erein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylalkyl or 
heterocycUcalkyl, wherein the heterocycUc or heteroaryl binds to the 
molecule toough a carbon in tiie ring of the heterocyclic or heteroaryl; 

b) Yi8C(0)R; 

c) R is lower alkyl; 

d) nis0-3;and 

e) mis 1-10. 

In another embodiment the invention provides compounds of formula CO or (IT) 
wfaerdn: 

a) X is substituted or unsubstituted heterocycUc, heteroaryl, heteroarylalkyl or 
heterocycUcalkyl, wherein the heterocycUc or heteroaryl binds to ti« 
molecule throu^ a carbon in the ring of die heterocycUc or hetCToaiyl; 

b) Y is substituted or unsubstituted aryl, heteroaryl, or heterocycUc; 

c) nisO-3;aiid 

d) m is 1-5. 

In another embodmient the invention provides compounds of formula (I) or (II) 
wherdn: 

a) X is substituted or unsubstituted heterocycUc, heteroaryl, heteroarylalkyl or 
heterocycUo-alky; 

b) Y is CN, H, m}K\ or CH(NR'R^)C(0)0R; 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R^ and R^ are independentiy H, substituted or unsubstituted alkyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocycUc or heteroaromatic 
bridge, such as -iW^tir wherein m is 2, 3, 4, 5, or 6; 

e) n is 0-3; and 

f) mis 1-5. 
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The foUowing rules are noidhmting embodiments of the selection of variables 
^thin the foregoing embodiments and subembodiments. and fte construction and 
elucidationof subembodiments. Hiese are not meant to limit the invention. 

When X or Y is a substituted hydrocarbon, any substituent can be on tiie 
hydrocarbon that does not adversely affect the desired properties of liie molecule. 
Examples are hydroxyl, carboxy. carboaBcoxy. amido, acyi. amino, alkjdamino. arylammo. 
aDcoxy. aryloxy, nitro, cyano. halo, sulfonic acid, sulfite, phophonic acid. phoq.hate. or 
phosphonate. either unprotected, or protected as necessary, as Imown to Ihose dolled m flie 
art for example, as taught in Greene, et al. , "Protective Groups m Organic Synthesis." John 
WUey and Sons. Second Edition. 1991. hereby incorporated by reference. The substitution 
is for example hydroxy, amino (NR^R^ wherdn R^ and R^ are independentiy hydrogen or 
lower alkyl). lower alkoxy. cyano. or halo. If X or Y is a substituted or unsubstitoted aryl 
moiety, heteroaryl. or heterocycUc. tiie substitution can be for example halo, lower alkoxy 
(for example methoxy). or lower alkyl (for example methyl). 

If Y is OC(0)R or COR, then R is preferably lower alkyl (for example mefliyl, e&yi. 

or butyl), and m is preferably 1-5. 

If X is a substituted or unsubstituted aryl, heteroaryl. or heterocycUc. then sudi aryl. 

heteroaryl, or heterocycUc is in one embodiment monocycUc. 

If X is a five membered heterocycUc or heteroaryl, then in one embodiment it is 
Bxdced to tiiemolecule at 1he2or3position. but preferably Unked at the2position.IfYisa 

sfac membered heterocycUc or heteroaryl, then in another embodiment it is Unked at the 2. 3. 
or4positiontothemolecule.butitispreferablyUnkedatthe2or3position. 

IfXorYcomprisesanaminooramidemoiety(NR'R^orC(0)NR^R^thenR and 

r'' preferably independenfly comprise H or methyl or ethyL 

m any of the foregoing embodhnents. m and n are in one embodiment 1-5. This is 
especially tme whenever X and/or Y are aryl, heteroaryl. or heterocycle, Moreover, in any 
of tiie foregoing embodiments in which X or Y is arylalkyl. heteroarylalkyl. or heterocycUc 
alkyl, it wiUbe understood that preferred alkyl moieties are lower alkyl. 

Some of the foregoing compounds are identified in the examples hereto. Other 
exan^les of con^mids are Ust^ in Tables I and n below, where the variables are defined 
for formulas (D) and (III), respectively. 
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8 (m) 



Table I 




Table n 


X 




N 


m 




y 




C(0)0CH3 


1 


3 




CH2CH(NH2)C(0)OH 










(CH2)2CH(NH2)C(0)OH 




C(0)0CH3 


1 


3 




(CH2)3C(0)NH2 










(CH2)3C(0)N(CH3)2 




C(0)0CH3 
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3 








C(0)0CH3 


1 
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C(0)0CH3 
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C(0)0CH3 


1 
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Table I 




Y» N m 


Hd °" 


C(0)0CH3 1 3 


rU- — ^ 


C(0)0CH3 1 1 3 




C(0)OCH3 1 1 3 




C(0)0CH3 1 3 


1 


C(0)0CH3 1 1 3 




C(0)0CH3 1 1 3 




C(0)0CH3 1 1 3 
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C(0)0CH3 
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C(0)0CH3 
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C(0)0CH3 
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C(0)0CH3 
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Table I 




Table n 


X 


Y' 


N 


m 




Y» 




C(0)OCH3 


1 


3 




rrv-i 


C(0)0CH3 


1 


3 




6^ 


C(0)0CH3 


1 


3 













Nonlimiting examples of compounds according to this invention aie provided 

below. 

(Tetrahydrofuran-2-ylmetbyl)di1hiocaibamic acid meflijd ester, 
(Tetrahydrofuran-2.ytoethylthiocarbamoylsulfanyl) acetic acid methyl ester. 
3<retrahydrofuran-2-ylmethylthiocaibamoylsul&nyl)- propionic acid methyl ester, 
4^etrahydrofiaran-2-ylmethylthiocarbamoylsulfenyl)- butyric acid methyl ester, 
6-Cretrahydrofiiran-2-yhnethylfhiocarbamoyl- sulfenyl)hexanoic addmethyi ester, 
4^etrahydio&ran-2-yhnelhyl1hiocaibamoylsulfi«nyl)- butyric acid; 
(Tetrahydrofuran-2-ytaiethyl)dithiocaibamic acid 4K)X0-pentyl ester, 
(Tetrahydrofuran-2-yhnethyl)dithiocaAamic acid 3-cyano- propyl ester, 
2-Amino-3-(tetrahydrofuran-2-yhnethylthiocarbamoyl- sulfanyl)propiomc acid; 
2-Amino.4<tetrahydroferan-2-yhnethylthiocarbamoyl- sulfenyl)butyric acid; 

(Tetrahydrofbran.2-ytaiethyl)dithiocaAamic add 3- carbamoyl-propyl ester. 

(Tetrdiydrofuran-2-yhnethyl)dithiocaibamic add 3- dimethylcarbamoyi-propyl ester. 

(Te1xahydrofuran-2-ylmethyl)dithiocaibamic add benzyl ester, 

Cretnihydrofuran.2-yhnethyl)dithiocarbamic acid 2.4- didiloro-benzyl ester, 

(Tetrahydrofiiian-2-yhnelhyl)ditbiocaibamic ac''' «henyl ester. 
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(rrtrahy<tofuran-2-yimethyl)dithiocaAaimc acid 4-chloro- phaiyl ester; 
(Tetrahydiofimm-2-^e(ii3^)dithiocafbajnic acid 2,4- difluoto-phenyl ester, 
(Tetrahydrofuran-2-ylmethyl)dithiocaibaimc acid tetrahydiothiopheii-2-ylmethyl ester, 
(Tetrahydrofiiran-2-ylmefliyl)dithiocarbamic acid thiophen- 2-ylmethyl ester, 
(Tetrahydrofuraii-2-y]methyl)dithiocaibamic add tetrahydrothiophen-3-ylinethyl ester, 
(Tetrahydrofima>2-ytaiethyl)ditiuocaibamic add thiophen- 3-ylmethyl ester, 
(Tetrahydxofiiran-2-yhnefliyl)dithiocaibaimc add 2,5- didiloio-ftioplien-3-yimefl»3i ester, 
(Tetrahydrofuran-2-ylniethyl)dithiocarbamic add 3,3- diinetibiyi-2-oxo-butyl estffl", 
(Tetrahydrofuran-2-ylmethyl)dithiocaibamic add tetrahydro£uraii-2-yhnethyl ester, 
(Tetrahydiofuran-2-ylmetliyi)difluocaAamic add fiira^ 

(Tettaliydrofiiraiir2-yhnethyl)difliiocart)amic acid tetrahydiofuian-S-ylmethjd ester, 
(Tetrahydiofuran-2-ylmefliyl)dithiocarbaimc add fiiran-3- yhnefhyl ester, 
(TetrdiydTOfuran-2-yknethyl)dithiocarbainic add pyridin-2- ylmethyl ester, 
(Tetrahydrofuran-2-yhnethyl)dithiocaibamic acid pyridin-3-ylmethyl ester, 
4-((S)-Tetrahydioflnran-2-ylmethylthiocaibamoyl- sulfiinyl)biityric acid mefliyl esta-, 
4-((R)-Tetrahydiofuran-2-ylmethylthiocaibamoyl- sulfimyl)biityric add meOiyi esta", 
3-(Furan-2-jteiethylthiocarbamoyl- sulfanyl)propianic add methyl ester; 
3-(Mettiylfliiocarbamoylsulfanyl)propionic add methyl ester, 

3- (Ethoxycaibonylthiocaibamoylsulfanyl) propionic acid methyl ester, 

4- (2-Methoxy-ethylthiocaibamoylsulfanyl)butyric add methyl ester, 
4-(Tetrahydiofuran-2-yhaethylsulfimyUlhio-caibonylamino)b^ add efliyl ester, 
4-(Cyclohexylmethylthiocaibamoylsulfenyl)biityric add mefliyl estar, 
4-(Benzyltbiocarbamoylsulfanyl)butyiic acid mefliyl estei^ 

Mefliyldithiocarbamic add mefliyl esten 
(5-ChlQio-2-methyl-phenyl)dithiocaibamic add ethyl ester, 
4-[2-(lH-Indol-2-yl)efliylthiocaAamoyl-sulfanyl]batyric add mefliyl ester, 
(2-Amino-3-benzyl1hiocarbamoylsulfanyl)propionic add; 
(3-Meflioxybenzyl)dithiocarbamic add 3,3-dimeflQrl-2-oxo-butyl ester, 
(Pyridin-3-ylmefliyl)diflriocarbamic acid 2,5-dichloio-fliiophen-3-ylmefliyl esten 



SUBSTITUTE SHEET (RULE 26) 



WO0in9164 PCT/DS01A)9037 

31 

AUylditbiocarbamic acid a-aminoethyl ester hydrocUoride; 
(2,4-dichloiobeazyl)di1hiocaibamic acid 2,4-dichlorot)enzyl ester, 
Phenethylditibdocarbamic add dodecyl ester, 
(3-MeflioxypropyQdi1hiocarbamic acid 4-chlorophraiyl ester, 
Mefliyldifliiocarbamic acid 2,4-difluoiopheQyl ester, 
3K5-CMon)-2-mefliy]pheayllMocaibamoyl-sulfanyl)propion^ acid methyl ester, 

3<2-Dielhy]aimno-elJiyllMocaibamoylsulfimyi>-pK5)i<^^ add methyl ester, 
4-(Allylthiocarbamoyisiilfanyl)butyric acid methyl ester, 

4-[2-(l-Me1hylpynoUdin-2-yl)ethylthiocaibamoyl-sulfenyl]butyric add methyl ester, 

Isobutyldilhiocaibamic add 2,4-dichlorobenz3d ester, 
4<retrahydrofuran-3-yhnefhy]tMocaibamoylsulMyl)butyri^ add mefliyl ester, 
4-(Furaii-3-yhnethylthiocaihamoylsulfenyl)butyric add methyl ester, 
4<2,3-DihydrobenzofiHan-2-yhnethyllMocarbamoylsulfenyObaty^^ addmeflijd ester, 
4.(Benzo&m-2-ylmethyl1hiocarbamoyIsulfenyl)-butyric add methyl ester, 
4-(2,3-Dihydrobenzofuran-3-yhnethylthiocarbamoylsulfenyl^^^ 
4.(Benzoforan-3-ylmethylthiocaibamoylsulfenyl)-but3fric add methyl ester, 
4-(3S,4R-Dihydroxytetrahydro&m-2S-yhneth^ocarbamoylsulf^^^^^ acid; 

methyl ester, 

4-(3R,4Rmydroxytetrahydiofuran-2R-yhnethyl1hiocaibamoylsulfenyl)^ add; 
methyl ester, 

4-(3R,4R-D2iydroxy-5R methyltetrahydrofuian.2S.yhnethylthiocaibamoylsulfenyl)bu^^ 
add methji ester; 

4<retrahydiopyran-2-yhnethylthiocarbamoylsulfanyl)butyric acid methjd ester, 
4<l-MethylpyiroUdin-2-yhnethylthiocaAamoylsulfanyl)butyric acid methyl ester, 
4-(lff-Pynol-2-yhnefliyltbiocatbamoylsulfimyl)bvityiic add methyl ester, 
4<lff-Pynol-3-yhnethylfliiocaibamoylsulfaiiyl)butyric add methyl ester, 
4-(5-Oxo-pyrroUdin-2-yhnethylthiocaibamoylsulfanyl)biityric acid methyl ester. 
4^1.Methyl-5-oxo-pyrroUdin-2-yhnethyltbiocaAamoylsulfanyl)bu^^ addmethyl ester, 
4_(Pyridin-2-yhnethylthiocaibamoylsulfenyl)butyric acid methyl ester, 
4<l.Methylpiperidin-2-yhnelh3dlhiocaibamoylsulfeayi)butyric acid methyl ester. 
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4.^pyrazm-2-ylmethyitMocaAamoylsulfan34)buty^ acid methyl ester, 
4.{pyiMdm-2-ylmelhyltMocaAamo3dsulfimyl)bi^ acid mefliyl ester, 
4-(Thiophen-2-ylmethyltMocai*amo)toilfenyl)biityric addmefiiyl ester; 
4<nriophen-3-ylmethyltWocarbamoylsulfanyl)butyric add methyl ester; 
4<retrahydrothiopheri-2-ylme%lthiocarbamoylsulfanyl)butyric acid methyl ester, 
4-(Benzo[6]flriophenr2-ylmethylthiocarbamoyIsulfiinyl)butyric acid methyl ester, and 
4-(Benzo[!>]tiiiopheii-3-ylmethylthiocaibamoylsulfimyl)but^^ acid methyl ester. 

The iV'-substituted dithiocarbamate esters of the present invention preferably diq)lay 
VCAM-1 IC50 inhibition concentrations of less than about 25, 15, 10, or 5 pM, or LD50 
concentrations greater tiban twice, thrice, five times, or ten times 4e VCAM-1 IC50 
concentration. 

The ^^substituted dithiocarbamate esters of the present invention also preferabty 
display ApoB/HepG2 IC50 inhibition concentrations of less flian about 25, 15; or 10 pM, or 
ApoB/HepG2 LD50 concentrations greater than twice, thrice, five times, or ten times Ihe 
^oB/HepG2 IC50 inhibition concentration. 

In still another embodiment tiie JV-substituted ditiiiocaibamate esters do not exhibit 
any meaningful antioxidant activity, as measured by the leucomethylene blue assay or tiie 
OxyBlot assay (as set forth in more detail in tiie examples hereto). Li a preferred 
embodiment the iV-substituted dithiocarbamate esters display antioxidant activity which is 
less than one fiflh or even one tenfli of tiiat displayed by PTDC (pyrroUdine dithio- 
carbamate) when measured by the leucomethylene blue assay. 

Pharmace ntip^lly Ac ceptable Sails 

In cases where compounds are sufBcienfly basic or acidic to form stable nontoxic 
acid or base salts, administration of tiie compounds as salts may be appropriate. Examples 
of phaimaceutically acceptable salts are organic acid addition salts formed witii adds whidi 
form a physiological acceptable anion, for example, tosylate, mefhanesulfonate, acetate, 
citaate, malonate, tartarate, succinate, benzoate, ascoibate, a-ketoglutarate, and of- 
glycerophosphate. Suitable inorganic salts may also be formed, including, sulfete, nitrate, 
bicarbonate and carbonate salts. 

Phamiaceutically acceptable salts may be obtained using standard procedures well 
known in flie art, for example by reacting a suffidenfly basic conq?ound sudi as an amine 
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Willi a suitable acid affording a physiologically acceptable amon. AlkaU metal (for 
exanqjle. sodium, potassium or Hflrium) or alkaliBe earth metal (for exanq.le calcium) salts 
of caiboxyHc adds can also be made. 

In one particular salt embodiment, it is contemplated thatmwillbezeroandYvnll 
be H. in which case H can be substituted by any pharmaceatically acceptable cation, 
including but not limited to those cations mentioned in the definitional section heteo£ 

{iStereoisoiPftrisin and P nivmorDliism 

It is ^eciated that compounds of the present invention having a chiral center may 
exist in and be isolated in optically active and tacemic fomis. Some compounds may 
exhibit polymorphism. It is to be understood ftat the present invention encompasses any 
racemic optically-active, polymorphic, or stereoisomeric form, or mixtures thereof of a 
compound of the invention, which possess the useful properties described herdn. it bemg 
well known in the art how to prq)are optically active forms and how to determine 
antiproliferative activity using the standard tests described herein, or using other similar 
tests which are well known in the art Examples of methods that can be used to obtain 

optical isomers of the compounds of the present invention include the foUowing. 

i) pi,,^;.Mc^.r.tinT,nfcrvstals-atechnique whereby macroscopic gyrt^ 
the individual enantiomers are mamiaUy separated. This technique can be 
used if crystals of the separate enantiomers exist, Le.. the material is a 
conglomerate, and the crystals are visually distinct; 

ii) .^^,.Uo^»nn« r^allization - a technique whereby the mdividual 
enantiomers are separately crystallized fiom a solution of ttie racemate, 
possible only if the latter is a conglomerate in the soUd state; 

iii) ^ ^.tir resolutions - a technique whereby partial or complete separation 
ofaracemate by virtue of differing rates of reaction for tiieenantiomets with 

an enzyme 

iv) ^.^^..^v .c yn^niefric svnthesis - a synthetic technique whereby at least one 
step of the synthesis uses an enzymatic reaction to obtain an enaliomerically 
pure or enriched synthetic precursor of the desired enantiomer. 

V) .c ymi^fitric svnthesis - a synthetic technique whereby the desired 

enantiomer is synthesized fiom an achiral precursor under conditions that 
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produce assymetry (i.e., chirality) in the product, which may be achieved 
using chiial catalysts or chiial auxiliaries; 

vi) diastereomer seoarations - a technique whereby a racemic conqjound is 
reacted wifli an enantiomerically pure reagent (the chiral auxiliary) that 

5 converts the individual enantiomers to diastereomers. The resulting 

diastereomers are thm separated by chromatogn?)hy or crystallization by 
virtue of their now more distinct structural differences and flie chkal 
auxiliary later removed to obtain the desired enantiomer; 

vii) first- and second-order asymmetric transfonnations - a technique whereby 
10 diastereomers firom the racemate equilibrate to yield a preponderance in 

solution of the diastereomer from the desired enantiomer or where 
preferential crystallization of the diastereomer from the desired enantiomer 
perturbs the equilibrium such fliat eventually in principle all the material is 
converted to the crystalline diastereomer from the desired enantiomer. The 
15 desired enantiomer is then released from the diastereomer, 

viii) Innetic resolutions - this technique refers to the achievement of partial or 
con5)lete resolution of a racemate (or of a ftulher resolution of a partially 
resolved compound) by virtue of unequal reaction rates of the enantiomers 
with a chiral, non-racemic reagent or catalyst under kinetic conditions; 

20 ix) enantios pecific synthesis from non>ranemic precursors - a synthetic 

technique whereby the desired enantiomer is obtained from non-chiral 
starting materials and where the stereochemical integrity is not or is only 
minimally compromised over the course of the synthesis; 

x) chiral liquid chromatogranhv - a technique whereby the enantiomers of a 
25 racemate are separated in a liquid mobile phase by virtue of their differing 

interactions with a stationary phase. The stationary phase can be made of 
chiial material or the mobile phase can contain an additional chiral material 
to provoke the differing interactions; 

xi) chiral gas chromatography - a technique whereby flie racemate is volatilized 
30 and enantiomers are sq)arated by virtue of flieir differing mteractions in the 

gaseous mobile phase with a column containing a fixed non-racemic chiral 
adsorbent phase; 
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jdi) e^t^tm with Chiral solvents - a tedmique whereby the enantiomers are 
separated by virtue of prefereatial dissolution of one enantiomer into a 
particular chiral solvent; 

xiii) tnms pnrt across "i^rfA membranes - a technique whereby a racemate is 
placed in contact with a thin membrane banier. Hie barrier typically 
separates two misdble fluids, one contaimng the racemate, and a driving 
force such as concentration or pressure differential causes prefisreotial 
transport across the membrane barrier. Separation occurs as a result of Ihe 
non-racemic chiral nature of flie membrane which allows only one 
enantiomor of the racemate to pass through. 

Definitions 

The term aDcyl, as used herein, unless oflierwise specified, refers to a saturated 
straight, branched, or cyclic, primary, secondary, or tertiary hydrocarbon, typically of Ci to 
Ci8, and specifically includes methjd, ethyl, propyl, isopropyl, bulyU isobutyl, t-butyl. 
peJtyl. cyclopentyl, isopentyl. neopentyl, hexyl, isohexyl, cyclohexyl, cyclohexyhnethyl. 3- 
methylpentyl. 2>dimethylbutyl, and 2,3-dimethylbutyl. The alkyl group can be optionally 
substituted wifli one or more moieties selected fiom tiie gtoi^ consisting of hydroxy!, 
carboxy, caiboxamido. carboalkoxy, acyl, amino, alkylamino, arylamino. alkoxy, aryloxy, 
nitro, cyano. sulfonic add, sulfete, phophonic acid, phosphate, or phosphonate, either 
unprotected, or protected as necessary, as known to tiiose skilled in tiie art, for example, as 
tau^t in Greene, et oL, 'Trotective Groups in Organic Syntiiesis," John Wiley and Sons. 
Second Edition, 1991, hereby incorporated by reference. Examples of substituted alkyl 
ffoxtps inctade trifluoromefhjd and hydroxymefliyL 

The term lower alkyl, as used herein, and unless otherwise specified, refers to a Ci to 
Cs saturated straight, branched, or if appropriate, a cycUc (for example, cyclopropyl) alkyl 
group. TteloweralkylgrotqicanbeoptionaUysubstitutedintiiesamemannerasdescribed 

above for the alkyl groi^>. 

Ths term "alkenyl." as referred to herdn, and unless otherwise specified, refers to a 
straight, branched, or cycUc hydrocarbon of C2 to Cio wifli at least one double bond. Hie 
alkenyl groiq) can be optionally substituted in flie same manner as described above for tiie 
alkyl group. 
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Hie term "alkynyl," as refened to herein, and unless otherwise specified, refers to a 
C2 to Cio straight or branched hydrocarbon with at least one triple bond. The siJkyayi group 
can be optionally substituted in the same manner as described above for the alkyl grojq). 

The term "-(CHzV represents a saturated alkylidene radical of strai^ chain 
configuration. The term 'V can be any whole integer, including 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
or 10. The moiety "-(CHaV thus represents a bond (ic., when n=0), methylene, 1> 
edianediyl or 1,3-propanediyl, etc. 

The term aryl, as used herein, and unless otiierwise specified, refers to phenyl, 
biphenyl, or naphthyl, and preferably phenyl. The aryl group can be optionally substituted 
with one or more moieties selected from the groiqj consisting of hydroxyl, acyl, amino, 
halo, carboxy, carboxamido, caiboalkoxy, alkylamino, alkoxy, aryloxy. nitro, cyano, 
sulfonic acid, sulfite, phosphonic add, phosphate, or phosphonate, either unprotected, or 
protected as necessary, as known to those skilled in the art, for example, as taught in 
Greene, et aL, "Protective Groups in Organic Syndesis," John Wiley and Sons, Second 
Edition, 1991. 

The term heteroaryl or heteroaromatic, as used herein, refiars to an aromatic or 
unsaturated cycUc moiety that includes at least one sulfiir, oxygen, nitrogen, or phosphorus 
in the aromatic ring. Nonlimiting exanq)les are fiiryl, pyndyU pyrimidyl, thienyl, 
isothiazolyl, imidazolyl. tetrazolyi, pyrazmyl, benzofinanyl, benzothiophenyi, quinolyl. 
isoquinolyl, benzothienyl, isobenzofiiryl, pyrazolyl, indolyU isoindolyl, benadmidazolyl, 
purinyl, carbazolyl, oxazolyl, Ihiazbl^ isothiazolyl, lA4-fliiadiazolyi, isooxazolyl, 
pynolyl, quinazoUnyl, pyridazinyl, pyrazmyl, dnnolinyl, phthalazinji, quinoxalinyl, 
xanthinyl, hypoxanthinyl, and pteridinyl. Functional oxygen and nitrogen groups on the 
heteroar5d group can be protected as necessary or desired. Suitable protectmg ffovps are 
well known to those skilled in the art, and include trimethylsflyl, dimelhyihexylsilyl, t- 
butyldimethylsilyl, and f-butyldiphenylsUyl, trityl or substituted trityl. alkyl groups, acycl 
groups such as acetyl and propionyl, methanesulfonyl, and p-toluenelsulforqrl. The 
heteroaryl or heteroaromatic group can be optionally substituted with one or more moieties 
selected from the group consisting of hydroxyl, acyl, amino, halo, alkylamino, alkoxy, 
aryloxy, nitro, cyano, sulfonic acid, sulfate, phosphonic acid, phosphate, or phosphonate, 
either unprotected, or protected as necessary, as known to those skilled in the art, for 
example, as tau^t in Greene, et d., "Protective Groups in Organic Synthesis," John Wiley 
and Sons, Second Edition, 1991. 
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The term heteiocycUc refers to a saturated nonaromatic cycUc group vvbich may be 
substituted, and vdierein there is at least one heteroatom, such as oxygen, sulfur, nitrogen or 
phosphorus in the ring, m heterocycHc group is prefenAly linked ihiou^ a caAon atom 
tolheW^-substituteddiAiocarbamate. The heterocycUc group can be substituted in the same 
manner as described above for the heteioaryl groiq). 

The term aralkyl, as used herein, and unless otherwise specified, refers to an aryl 
group as defined above linked to the molecule through an alkyl group as defined above. 
Tte term alkaryl, as used herein, and unless otherwise specified, refers to an alkjd group as 
defined above linked to the molecule through an aiyi group as defined above. Tlieaianqd 
or alkaryl group can be optionally substituted with one or more moieties selected fixan the 
group consisting of hydroxyl, caiboxy. caAoxamido. carboalkoxy. acyl, ammo, halo, 
alkylamino. alkoxy, aryloxy, nitrt,. cyano, sulfonic add. sulfite, phosphodc add. 
phosphate, or phosphonate. either unprotected, or protected as necessary, as known to those 
skilled in Ihe art. for example, as taught in Greene, et al, 'Trotective Groups m Organic 
Synthesis," John Wiley and Sons. Second Edition, 1991. 

The term halo, as used herein, specificaUy includes chloro, bromo, iodo and fluoro. 
The term alkoxy. as used herein, and unless otherwise spedfied, refers to a moiety 
of the structure -Oalkyl, wherein alkyl is as defined above. 

The term ac^ as used herdn, refers to a group of the formula C(0)R', wherein R' is 
an alkyl, aryl, alkaryl or aralkyl group, or substituted alk^ aryl, aralkyl or alkaryl. wherein 

these groi:^ are as defined above. 

The term "amino add" includes synthetic and naturally occurring amino adds, 

mcluding but not limited to, for example, alanyl. valinyl. leucinyl. isoleuchxyl, prelinyl, 

phenyialaninyl. tryptophanyl, melhioninyl, glycinyl. serinyl. tbreoninyl, cysteinyl, tyrosinyl. 

asparaginyl. glutaminyl. aspartoyl. glutaoyl, lysinyl, argininyl, and histidinyL 

The term phaimaceutically acceptable salts or complexes refers to salts or 

complexes that retain the desired biological activity of tiie compounds of the present 
invention and exhAit minimal undeared toxicological effects. Nonlimiting examples of 
sudi salts are (a) add addition salts fimned with morganic adds (for example, hydrochloric 
add, hydrobromic acid, suUuric acid, phosphoric add, nitric acid, and the like), and £^ts 
fomied with organic adds sudi as acetic add, oxaKc add, tartaric acid, sucdnic add, mahc 
ad4 ascoriric add. benzoic add, tamuc add, pamoic arid, alginic add; polyglutamic add. 
naphlhalenesulfonic acid, n^hthalenedisulfonic add, and polygalcturenic add; (b) base 
addition salts formed with metal cations sudi as zinc, caldum. bismuth, barium. 
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magQesium, aliinuiiiim, copper, cobalt, nickel, cadmium, sodium, potassium, and the like, or 
with a cation formed ftom axmnonia, i^r,i^-dibenzjdethylenediamine, D-glucosainine, 
tetraethylammouium, or ethylene-diamine; or (c) combinations of (a) and (b); eg., a zinc 
tannate salt or flie like. Also included in this definition are phaimaceutically acceptable 
quaternary salts known by those skilled in the art, which specifically include tiie quaternary 
ammonium salt of the formula -NR^A", wherein R is as defined above and A is a 
counterion, including chloride, bromide, iodide, -O-alkyl, tolueniesulfonate, 
methylsulfonate, sulfonate, phosphate, or carboxylate (such as benzoate, succinate, acetate, 
glycolate, maleate, malate, citrate, tartrate, ascorbate, benzoate, cinnamoate, mandeloate, 
benzyloate, and diphenylacetate). 

The term carbohydrate generally refers to a compound of carbon, hydrogen, and 
oxygen that contains the saccharose unit or its first reaction product and in which the ratio 
of hydrogen to oxygen is the same as in water. The carbohydrates of the present mvention 
can, however, be substituted or deoxygenated at one or more positions, in which case the 
ratio of hydrogen to oxygen will be different than water. Carbohydrates thus include 
substituted and unsubstituted monosaccharides, disaccharides, oligosaccharides and 
polysaccharides. The saccharide can be an aldose or ketose, and may comprise 3, 4, S, 6, or 
7 carbons, althougji pyranose and fiiranose sugars, and acyclic polyol analogs of flie 
formula -CH2-(CHOH)3^CH20H are preferred. Preferred carbohydrates are 
monosaccharides. 

Non limiting examples of carbohydrates conqprising pyranose and fiiranose sugars 
include threose, ribulose, ketose, gentiobiose, aldose, aldotetrose, aldopentose, aldohexose, 
ketohexose, ketotetrose, ketopentose, erythrose, threose, ribose, deoxyribose, arabinose, 
xylose, lyxose, allose, altrose, glucose, marmose, gulose, idose, glactose, talose, erythrulose, 
libulose, xylulose, psicose, fiixctose, sorbose, tagatose, dextrose, maltose, lactose, sucrose, 
cellulose, aldose, amylose, palatinose, trehalose, turanose, cellobiose, amylopectin, 
glucosamine, mannosamine, fiicose, phamnose, glucuronate, gluconate, glucono-lactone, 
muramic acid, abequose, rhamnose, gluconic acid, glucuronic acid and galactosamine. 

The carbohydrate can be optionally deoxygenated at any corresponding C-position, 
and/or substituted with one or more moieties such as hydrogen, halo, haloalkyl, carboxyl, 
acyl, acyloxy, amino, amido, carbox)d derivatives, alkylamino, dialkylanuno, arylamino, 
alkoxy, aryloxy, nitro, cyano, sulfonic acid, thiol, imine, sulfonyl, sulfanyl, sulfinyl, 
sulfamonyl, ester, carboxylic acid, amide, phosphonyl, phosphinyl, phosphoryl, phosphine, 
thioester, thioether, acid halide, anhydride, oxime, hydrozine, carbamate, phosphonic add. 



SUBSTITUTE SHEET (RULE 26) 



wo 01/79164 



PCTAJSOl/09037 



39 



phosphonate. or any other viable functional group that does not inhibit fte phannacological 
activity of this compound. Examples of substituents include amine and halo, particularly 
fluorine. Hie substituent or carbohydrate can be either unprotected, or protected as 
necessary, as Imown to those ddUed in the art. fiw example, as tau^ in Greene^ 
P».t^tiv. firouDs ir rw^r^ir. Synthesis. John Wiley and Sons, Second Edition. 1991. 
hereby incoiporated by reference. In a preferred embodiment the monosaccharide is a 
fiiranose such as (L or D)-ribo8e. 

Exemplary carbohydrates include Ihose presented below in Table UL 

Table m 
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5h 


'Vy^Y^ 
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OH 


HO*' 'Y^OH 
OH 





Hvperproliferative Disorders 

111 one aspect the inveation provides a method for treating a proliferative cell disease 
comprising administering an effective amount of a JV-substituted dithiocaibamate ester, or a 
phannaceutically acceptable salt tiiereo£ 

Jn a second embodiment, the //-substituted dithiocaibamate ester is administered in 
combination wifli another chemotherapeutic agent As used herein, the term '•proliferative 
cell disease" refers to any cellular disease that is marked by an abnormal rate of ceUular 
mitosis, i:& a rate of cellular mitosis which is greater than the rate of normally dividing 
cells, and which can be treated with a chemotherapeutic agent Such cells are referred to 
herein as "abhoimany proliffetative cells." A cell proliferative disease may, fijr example, be 
associated with increased transcription and translation of an smpU&ed targpt DNA 
sequence. The term "proliferative cell disease" denotes maUgnant as well as non-maUgnant 
cell populations that moiphoIogicaUy often jqjpear to differ fiom the surrounding tissue. 

Malignant cell populations can reside in flie various organ systems, such as, for 
example, lung, breast, lymphoid, hematopoietic, gastrointestinal, and genitourinary tract as 
weU as adenocarcinomas which include maUgnandes such as most colon cancers, renal-cell 
carcinoma, prostate cancer, non-small cell carranoma of ttie lung, ovarian cancer, brain 
cancer, uterine cancer, bladder cancer, cancer of the small intestine, and cancer of the 
esophagus. 

Besides cancer, the term 'proliferative ceU disease" includes non-malignant and 
immunological-related ceU-proUferative diseases such as psoriasis, pemphigus vulgaris, 
Behcet's syndrome, acute respiratory distress syndrome (ARDS), ischemic heart disease, 
post-dialysis syndrome, leukemia, riieumatoid arthritis, acquired immune deficiency 
syndrome, vasculitis, Upid histiocytosis, septic shock and inflammation in generaL 
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Examples of proliferative cell diseases are givea in tables IV and V, thougji by 
means are ttiese listings intended to be exhaustive. 



Table IV. ] 


Examples of non-malignant proliferative disorders treatable with N- 
substituted dithiocafbamate esters 


1 Organ System 


Disease/Pathology 


Dermatological 


Psoriasis (all fonns), acne vulgaris, acne rosacea, common warts, 
anogenital (venereal) warts, eczema; lupus associated skin lesions; 
dermatitides such as seborrheic dermatitis and solar dermatitis; 
keratoses such as seborrheic keratosis, senile keratosis, actinic 
keratosis, photo-induced keratosis, skin ageing, including photo- 
induced skin agjttig, keratosis follicularis; keloids and 
Prophylaxis against keloid formation; leukoplakia, lichen planus, 
keratitis, contact dermatitis, eczema, urticaria, pruritus, hidradenitis, 
acneinva:sa. 


Cardiovascular 


Hypertension, vasculo-occlusive diseases mcluding Atherosclerosis, 
thrombosis and restenosis 3&er angioplasty, acute coronary syndromes 
such as unstable angina, myocardial infiuction, ischemic and non- 
ischemic cardiomyopathies, post-MI caidio-myopafhy and myocardial 
fibrosis, substance-induced cardiomyopathy. 


Endocrine 


Insulin resistant states including obesity, diabetes mellitus (types 1& 
2), diabetic retinopathy, macular degmeration associated with diabetes, 
gestational diabetes, impaired glucose tolerance, polycystic ovarian 
syndrome; osteoporosis, osteopenia, accelerated aging of tissues and 
organs including Werner's syndrome. 


1 Urogenital 

1 


Endometriosis, benign prostatic hyperplasia, leiomyoma. Polycystic 
kidney disease, diabetic nephropathy. 


Pulmonary 


Asthma, chronic obstructive puhnonary disease (COPD), reactive 
Airway disease, puhnonary fibrosis, pulmonary hypertension. 


Coimective 
tissue/joints 


Immunological/Rheumatoid arthritis, Raynaud's phenomenon/ disease, 
Sjogren's Syndrome systemic sclerosis, systemic lupus erythematosus, 
vasculitides, ankylosing spondylitis, osteoarfliritis, reactive arthritis, 
psoriatic arthritis, fibromyalgia. 


Other 


Fibrocystic breast disease, fibroadenoma, chronic fatigue syndrome. 
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Table V. Examples of neoplastic diseases or malignancies diseases treatable with 
JV^-substitated dithiocarbamate esters 



Organ System 


Malignancy/Cancer type 


Skin 


Basal cell carcinoma, melanoma, squamous cell carcinoma; cutaneous 
T cell lynq)homa; Kaposi's sarcoma. 


Hematological 


Acute leukemia, chronic leukemia and myelodysplastic syndromes. 


Urogenital 


Prostatic, renal and bladder carcinomas, anogenital carcinomas 
including cervical, ovarian, uterine, vulvar, vaginal, and 
Those associated with human papilloma virus infectioiL 


Neurological 


Gliomas including glioblastomas, astrocytoma, ependymoma, 
medulloblastoma, oligodendroma; meningioma, pituitary adenoma, 
neuroblastoma, craniopharyngioma. 


Gastrointestinal 


Colon, colorectal, gastric, esophageal, mucocutaneous carcinomas. 


Breast 


Breast cancer including estrogen receptor and progesterone Receptor 
positive or negative subtypes, soft tissue tumors. 


Metastasis 


Metastases resulting fiom the neoplasms. 


Other 


Angiomata, ang^ogenesis associated with the neqplasms. 



5 Chemotherapeutic Agent 

As used herein, a "chemotherapeutic agent" is a type of antiproliferative agent, and 
particularly is a compound that has biological activity against one or more forms of cancer. 
Suitable chemotherapeutic agents include antineoplasts. Representative antineoplasts 
include adjuncts, androgen inhibitors, antibiotic derivatives, antiestrogens, antimetabolites, 
10 cytotoxic agents, hormones, immunomodulators, nitrogen mustard derivatives and steroids. 
Physicians' Desk Reference. 50th Edition, 1996. 

Representative adjuncts include levamisole, gallium nitrate, granisetron, 
sargramostim strontium-89 chloride, filgrastim, pilocarpine, dexrazoxane, and ondansetron. 
Physicims' Desk Reference. 50th Edition, 1996. 
15 Representative androgen inhibitors include flutamide and leuprolide acetate. 

Phvsicians' Desk Reference, 50th Edition, 1996. 

Representative antibiotic derivatives mclude doxorubicin, bleomycin sulfate, 
daunorubicin, dactinomycin, and idarubicin. 
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Represeatative antiestrogens include tamoxifca dHate and analogs hereof: 
i>i,^v, V,,> T^V Reference. 50th Edition, 1996. Additional antiestrogens include 
nonsteroidal antiestrogens such as toremifene. dioloxifene and loloxifene. Magarian et aJ., 
riirrent Medicinal Chemistrv. 1994, Vol. l,No. 1. 

Representative antimetaboUtes include fluoiouracil, fludarabine phosphate, 
floxuridine, interferon alfe-2b recombinant, methotrexate sodium, pKcamycin, 
mercq)topTO and thioguanine. iniysjnmvs'DesV Refuge, SOfliEdition, 1996. 

Representative cytotoxic agents include doxorubicin, cannustine (BCNU), 
lomustine (CCNU), cytarabine USP, cyclophosphamide, estramudne phosphate sodium, 
altretamine. hydroxyurea, ifosfemide. procarbazine. mitomycin. busulfim. 
cyclophosphamide, mitoxanlrone, carboplati, dsplati, cisplatin. interferon alfii-2a 
recombinant, paclitaxel, teniposide, and streptozoci. Vl^y^r^m' DesH Refel[e^ce». 50lh 
Edition, 1996. 

Representative hormones include medroxyprogesterone acetate, estradiol, megestrol 
acetate, octreotide acetate, dietiiylstilbestiol diphosphate, testolactone and goserelin acetate. 

Physicians' Desk Reference. 50th Edition, 1996. 

Representative immunodilators include aldesleukin. Physirians' Desk Refgiepge, 

50th Edition, 1996. 

Representative nitrogen mustard derivatives include melphalan. chlorambucil, 
mechlorethanrine. andthiotepa. ^y^iri.n^'T>esikRefermc6, 50fli Edition, 1996. 

Representative steroids include betametiiasone sodium phosphate and beta, 
methasone acetate. P^y^^vi^tis' Desk Reference. 501h Edition, 1996. 

Spedfically, the chemotiierapeutic agent can be an antineoplastic agent 
Spedfically, the antineoplastic agent can be a cytotoxic agent 
Specifically, the cytotoxic agent can be 5-FU. FdUMP, cisplatin, etoposide, 
adiiamydn, or 5-aza-2'-deoxycytidine. 

Additional suitable chemotiierapeutic agents include alkylating agents, antimitotic 
agents, plant alkaloids, biologicals. topdisomerase I inUbitors, topoisomerase H inhibitors, 
andsyntiiedcs. A ■itirmrrr * p"- ^^^^^ ttn-7/www.dtp.nci.nih.fiov/docs/cancer/ 
seardies/standaid^ medianism.listhtml. April 12, 1999; A prmved Anti-Cancer Agents, 
htlp://vmw.ctep.iio.nikgov/handbook/HandBooW'ext/fi^^^^ pages 1-7, June 18, 
1999; x>rrvfP fit 1 niemo^^'-T-^''- ^ http//www.vetpurdue.edu/depts/bms/ 
courJesAncmp611/d)ix/drg2no61Atinl. June 24, 1999; and QteasaX. http^/v^. 
vetmed.lsu.edu/oncology/ ChemotiierapyJitm. April 12, 1999. 
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Representative alkylating agents include asaley, AZQ, BCNU, busulfen, bisulphan, 
caiboxyphthalatoplatinmn, CBDCA, CCNU, C3nP, chlorambucil, chloiozotocin, cis- 
platfflum, clomesone, cyanomoipholinodoxorubicin, cyclodisone, cyclophosphamide, 
dianhydrogalactitol, fluorodq)an, hepsulfam, hycanthone, iphosphamide, me^)halan, methyl 
CCNU, mitomycin C, mitozolamide, nitrogen mustard, PCNU, piperazme, piperazinedione, 
pipobroman, porfiromycin, spirohydantoin mustard, strq)tozotocin, teroxirone, tetrqplatin, 
thiotepa, triethylenemelamine, uracil nitrogen mustard, and Yoshi-864. Anticancer Agentg 
by MechanisnL http://d^.nd.nih.gov/docs/cancer/searches/standard_mechani^ 
April 12, 1999. 

Representative antimitotic agents include aUocolchicine, Halichondrin B, colchicine, 
colchicine derivatives, dolastatin 10, maytansine, rhizoxin, paclitaxel derivatives, paclitaxel, 
tiuocolchicine, trityl cysteine, vinblastine sul&te, and vincristine sulfate. AntiCancei: 
Agents bv Mft^banism- ht^://dtp.ncijiih.gov/docs/cancer/searches/standard_mechffl 
Ust.html, April 12, 1999. 

Representative plant alkaloids include actinomycin D, bleomycm, L-asparaginase, 
idarubicin, vinblastine sulfate, vincristine sulfate, mitramycin, mitomycin, daunorabidn, 

VP-16-213, VM-26, navelbine and taxotere. Approved Anti>Cancer Agents, 

ht^-y/ctep.info^ gov/handbook/HandBookText/fda_agentJitm, June 18, 1999, 

Representative biologicals include alpha interferon, BCG, G-CSF, GM-CSF, and 
interleukin-2. ' Approved Atiti-Cancer Agents, http://ctep.info.nih.gov/handbook/ 
HandBookText/fda_agentJitm, June 18, 1999. 

Representative topoisomerase I mhibitors include camptothecin, camptothedn 
derivatives, and morpholinodoxorubicin. Anticancer A gents bv Mechanism. ht^://dtp.nci. 
nih.gov/docs/cancer/searches/staiidard_mechaiiism_listhtml, April 12, 1999. 

RqOTsentative topoisomerase E mhibitors include mitoxantron, amonafide, m- 
AMSA, antbnpyra2»le derivatives, pyrazoloacridine, bisantrene HCL, daunorubidn, 
deoxydoxorubicm, menogaril, N, N-dibenzyl daunomycin, oxanlhrazole, rabidazone, VM- 
26 and VP-16. Anticancer Apents bv iA ^hmitsm. http://dtp.nci.nih.gov/docs/cancei/ 
searches/standardjnechanism^listJitml, April 12, 1999. 

Representative synthetics include hydroxyurea, procarbazine, o,p^DDD, 
dacaibazine, CCNU, BCNU, cis-diaraminedichloroplatimun, mitoxantrone, CBDCA, 
levanaisole, hexamethyhnelamine, all-trans retinoic acid, gliadel and porBmer sodium. 
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A^^.^A.ti-r..cer Agents. htlp://ctep jirfoiiih.gov/handbook«andBooWert/fd^^^ 
htm, June 18, 1999. 

Anrinroliferativ'' Aoents othe r than Chemotheraneiitic Agents 

As discussed above, Ihere are a number of proliferative cell diseases oHier than 
cancer that can be treated using the conq)ounds and methods of this invention. 
Representative agents for treating those non-cancerous prohferative cell diseases are as 
follows: 

Psoriasis: Topical treatments for psoriasis mclude: Corticosteroids (cortisone); 
Caldpotriene (a synthetic form of vitamin D3); Coal tar. Anihralin; Topical retinoids (eg. 
tazarotene, or Tazorac). Systemic treatments for psoriasis include: Methotrexate; 
Cyclosporine (Neoral*); Hydroxyurea (Hydxea*); Retinoids such as acitietin (Soriatane^ 
and Antibiotics. 

Rheumatoid arthritis: First Ime agents for treating rheumatoid arthritis include 
aspirin and NSAIDS (non-steroidal anti-inflammatory drugs, including Exanq)les of 
NSAIDS include diclofenac, indomethacin, ketorolac, ketqprofen. naproxen, diflunisal. 
mefenamic acid, ioxoprofen. tohnefenamic acid, indopiofcn. piiprofen. fenoprofen, 
zaltoprofen. sulindac, tohnetin, suprofen. flurbiprofen, pranoprofen. niflumic add. 
flufenamic acid, zomopirac, bromfenac, fenclofenac, alcofenac. orpanoxin, etodolic add, 
fleclozic acid, amfenac. emfemonic add. benoxaprofen, fluoxi^ttofen, carprofen, isofezotac. 
aceloferac. fenpufen. fenclorac. medofenamate, and dindac). Second line agents include 
gold salts, penicillamine, methotrexate, and antimalarials. 

Examples of compounds for treating hyproliferative disorders, when the compound 
is not administered as a potentiating agent, include compounds defined by formulas (Q and 

(JS) above when X is: 

a) asubstitutedorunsubstitutedS or6memberedheteroarylorheterocycUc; 

h) a substituted or unsubstitiited 2- or 3- benzofuran, benzothiophene, or mdole; 

c) a substituted or unsubstitiited carbohydrate; or 

d) substibited or unsubstitiited heterocycUc. heteroaryl, heteroarylalkyl or 
heterocyclicalkyl. wherdn tiie heterocycUc or heteroaryl binds to fhe 
molecule through a carbon m the ring of the heterocycUc or heteroaryl. 
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VCAM-1 Mgdiated Disease 

In another aspect the invention provides a mefliod for treating a disease or disorder 
mediated by yCAM4 comprising administeringto apatient a VCAM-1 ii^^ 
amount of a iNT-substituted dithiocarbamate ester of the present invention, or a 
pharmaceuticaUy acceptable salt thereof Exemplary effective amounts and modes of 
administration are set below in "Pharmaceutical Conqjositions and Modes of 
Administration." The compound can be administrered alone or in combination with oflier 
active conq)ounds. 

Nonlimiting examples of noncardiovascular inflammatory diseases or disorders that 
are mediated by VCAM-1 and which can be treated by administering tiie compounds of tiie 
present invention include rheumatoid and osteoarthritis, asthma, dermatitis, psoriasis, cystic 
fibrosis, post transplantation acute and chronic soUd organ rejection, and multiple sclerosis. 
Nonlimiting exanqples of cardiovascular diseases or disorders tiiat can be treated by 
mediating VCAM-1 expression and which can be treated by administering the compounds 
of flie present mvention include atherosclerosis, post-angioplasty restenosis, coronary artery 
disease, angina, and small artery disease. 

Examples of compounds for treating VCAM-1 mediated conditions inchide tiie 

conq)ounds of formula n wherein: 

a) X is an optionally substituted 2- or 3- benzofuran, benzofliiophene, or mdole; 

b) X is an optionally substituted carbohydrate; or 

c) X is an optionally substituted heterocycUc, heteroaryl, heteroarylalkyl or 
heterocyclicalkyL 

EXAMPLES 

The following examples are understood to be illustrative only and are not intended 
to limit the scope of flie present invention in any way. 

Example 1: Effect of iV-substituted dithiocarbamate esters wHh and without 5-fluoro- 
uracO on the growtii of transformed and nontransformed cells 

The following example was undertaken to determine the effect of i\r-substituted 
dithiocarbamate esters with and without 5-fluorouracU on the growtii of a variety of 
transformed and non-transformed cells, hiformation concerning tiie cell lines used in tins 
erwnip le are given in Table 1 . 
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Table 1. Cell Lines 

^ CANCE» 



CELLUNES 



MCF-7 



Breast 
Cervical 



HeLa 



H1299 



Lung 



Saos-2 



Osteosarcoma 



T98G 



Brain Glioma 
Colorectal 



DLD-1 



Snu-C5 



Colorectal 

NON-TRANSFORMED 



CELL TYPE 



HASM 



Human Aortic Smooth Muscle 



HAEC 



NHBE 



Human Aortic Endothelial Cell 
Normal Human Bronchial Epithelial 



Materials & Methods; 

CeU Culture: All primary cells and cell lines were commercially available. The 
transfbnned cell lines were grown in Dulbecco's Modified Eagle Media supplemented with 
2 mM I^glutamine. 50 LU. penidllin, SOjig/ml streptomycin, nonessential amino adds and 
10% heat-mactivated fetal bovine serum. HASM. HAEC and NHBE cells were cultured 
exactly as described by the commercial provider (Qonetics. San Kego, CA). All cell lines 
were grown at 37 X in 5 % CO2, with the media being dianged every 48 hours. 

Cell Plating: For the experimental assays, cells were plated in 96-well plates and 
grown until -35% confluency was adueved. For the transformed cell lines, cells were 
plated at low density and grown fi)r 72 boms prior to bdng stimubted. whereas the nan- 
transformed cells were plated at a higher density and grown for 24 hours prior to being 
stimulated. 

Experimental protocol: Cells were treated with dithiocaibamate (O.l-lOOpM) ± 
5FU (O.Ol-lOpM) and retreated after 48 hours when media was dianged. Cell growth was 
assessed using the CeUTiter96® assay system from Promega (Madison, Wl). Eadi 
experimental condition was performed in triplicate or quadrupUcate, with flie mmiber of 
experiment for each cell line being three. 

Statistical analysis: Statistical sigmficance was assessed using an ANOVA with 
the appropriate post-hoc analysis as well as Students Meste. * = p<0.05 when compared to 
control-treated (DMSO) Cells. # = p<0.05 when conq)ared to 5FU-treated cells. 
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Dithiocaibamate: The dithiocaibamate tested in this examples is 4-(tetraliydio- 
fimui-2-ylmethyl(hiocaibamoylsulfanyl)-bulyric add methyl ester, whidi is referred to 
below as NDE. 

Resalts/PiscBSsion; 

The data in Tables 2 & 3 demonstrate in two colorectal cell lines (SNQ-CS and 
DLD-1) a dose- and time-dependent inhibition of proliferation when cells are treated with 
ditbiocarbamate. This inhibition iis potentiated at the lower doses of dittriocaibamate (NDE) 
when combined with a low dose of 5-FU. Similar results were obtained with the colorectal 
ceU line DLD-1 (Table 3). 

The effect of dithiocaibamate m additional solid tumor cell lines and teee nonr 
transfonned cell types was determined. As shown in Figure 1 tiiere is a time-dq)endent 
inhibition of proliferation in all of the transformed ceU lines (HeLa, H1299, MCF-7, Saos-2, 
and T98G) at lOpM ditiiiocaxbamate in combination with O.lpM 5-fluorouraciL At this 
concentration of 5-FU, there was no significant inhibition of prolifCTation of any cell types 
when tested alone. In all transformed cell types, by 72 hours the value is significantly 
different (p<0.05) when compared to both control (DMSO) treated-cells and compared to 
cultures treated wilh 0.1pM 5-FU alone. Li some cell types statistical significance is also 
observed at &e 24 and 48 hour time point 

hi the non-transformed cell types HASM and HAEC, a time-dqsendent mhibition of 
proliferation was not observed. The NHBE cells appeared more sensitive to mhibition of 
proliferation and exhibited a time-dq)eaidattt inhibition of proliferation. Howevw, fbs level 
of mhibition was generally less than fliat observed wifli the other transformed cell types 
excluding MCF-7. 



Table 2. Anti-proUferative effects of dithiocaibamate (NDE) with and without 5- 
fluorouracil on proUferation of SNU-C5 colorectal carcinoma cells. Data is represented as 
percent of control (ceUs with no drug treatment). 





5-FU Alone (IpM) 


NDE 


NDE 5-FU (IpM) 


5-FU(lpM) 








24 HOURS 


108.9 






48 HOURS 


85.5 
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5-FU Alone (l^M) 


NDE 


NDE + 5-FU(ljiM) 


72 HOURS 


86.1 






NDE(1mM) 








24 HOURS 




138.32d34.20 


118.87±20.60 


48 HOURS 




105.47±7.42 


100.65±18.24 


72 HOURS 




127.13±16.43 


80.38±10.48 


ND£(10}iM) 








24 HOURS 




93.40415.88 


99.20±20.83 


48 HOURS 




70.47±8.42 


54.57±19.06 


72 HOURS 




59.23±4.10 


30.77±3.80 


NDE (lOOpM) 








24 HOURS 




60.03±10.77 


50.37±11.64 


48 HOURS 




26.30±8.64 


25.90±6.80 


72 HOURS 




13.57±1.31 


16.13±3.89 



Values indicated are percent of controL 



Table 3. Anti-proliferative effects of ditbiocarbamate with and without 5-fluorouracil on 
proliferationofDLD-1 colorectal carcinomacells. Data is represented as percent of control 





S-FU Alone (IpM) 


NDE 


NDE + 5-FU(lpAI) 


5-FU(lpM) 








24 HOURS 


90.8 






48 HOURS 


85.8 






72 HOURS 


113.2 






NDE(lnM) 








24 HOURS 




115.53±3.72 


88.92±3.72 


48 HOURS 




107.02±7.55 


103.60±6.85 


72 HOURS 




133.47110.26 


146.37±9.74 


NDE(10i]M) 








24 HOURS 




97.1±1.79 


82.37±7.59 


48 HOURS 




104.10±13.31 


82.73±14.80 
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5-FU Alone (IpAQ 


NDE 


NDE + 5-FU(lpM) 


72 HOURS 




141.901:14.87 


82.S0±11.91 


NDE (lOO^M) 








24 HOURS 




53.77±5.28 


51.27±2.63 


48 HOURS 




39.80±6.27 


39.90±4.25 


72 HOURS 




0.27±0.27 


0±0 



* Values indicated are percent of contioL 



Example 2. Effect of iV-substituted difhiocarbamate esters on VCAM-1 Inhibition 

The VCAM-1 assay is an enzyme immunoassay to detect tumor necrosis &ctor 
alpha (TNF-a) induced Vascular Adhesion Molecule (VCAM-1) expression in endothelial 
cells. 

Methods; 

CeU culture: Human endothelial cells (HAEC) were purchased from Qonetics and 
maintained in EGM media (Clonetics) supplemented with 5% fetal bovine serum (FBS). In 
a typical experiment, cells were seeded in 96-well plates. The next day cells were stimulated 
with TNF-a (Ing/ml) puidiased from Boehringer Mannheim in the presence or absence of 
compounds dissolved in dimethylsulphoxide (DMSO). To establish a dose curve for each 
compound, four concentrations in 2 fold increments were used. Cells were exposed to TNF- 
a and compounds for approximately 16 hours. The next day, cells were examined under 
microscope to score for visual signs of toxicity. 

Immunoassay: Media was discarded and the cells were washed once with Hanks 
buffered saline solution (BBSS)/ phosphate buffered solution (PBS) 91:1). Primary mouse 
monoclonal antibody against VCAM-1 purchased from Southern Biotechnology Associates 
(0.25ng^ m HBSS/ PBS + 5% FBS) was added and incubated at 37''C for 30 minutes. 
Cells were washed with HBSS/ PBS three times, and secondary antibody horse radish 
peroxidase (HRP)-conjugated goat anti-mouse IgG purchased from Southern Biotechnology 
Associates (1:500 in HBSS/ PBS + 5% FBS) was added and incubated at 37'C fiw 30 
minutes. Cells were washed with HBSS/ PBS four times and peroxidase substrate 33*, 5, 
S'-tetramefliyl-benzidine (TMB) was added and incubated in flie daric at room tenqjerature 



SUBSTITUTE SHEET (RULE 26) 



wo 01/79164 



PCTAISOl/09037 



51 



mrtU liiere was adequate blue color development TTie length of incubation time was 
typically 5-15 minutes. 2 N sulfuric acid was added to stop Ihe color development and the 
data was collected by reading the absoibance at O J>. 450mn. The result was expressed as 
the percentage of control sample (cells stimulated by TNF without any compound). ICso is 
the concentration of compound required to inhibit 50% of the TOF sthnulated signaL 



Results; 



The VCAM-1 IC50 of various iyT-siibstituted dilMocaibamate esters is shown in Table 



H 




(ffl) 



10 



Tabic 4 



X 




N 


m 


VCAM-1 IC50O1M) 


norm 




C(0)0CH3 


1 


3 


3 


n 




C(0PCH3 


1 


3 


3 


n 




C(0)0CH3 


1 


2 


6 


n 


H 


C(0)0CH3 


1 


2 


14 


n 




C(0)0CH3 


0 


2 


50 


n 


CH3O 


cXO)CX3a3 


2 


3 


11 


n 
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Y 




N 


m 


VCAM-l IC50 OiM) 


norm 




C(0)0CH3 


2 


3 


37 


n 




C(0)0CH3 




3 


30 


n 




C(0)0CH3 


2 


3 


18 


n 


1 


I 


1 


1 


32 


n 


N/A 


CH3 






6.5 


m 


N/A 


CH2C(0)OCH3 






10 


m 


N/A 


(cai2)2C(0)oc 
H3 






3 


m 


N/A 


(CH2)3C(0)OC 

H3 






1.5 


m 


N/A 


(CH2)5C(0)OC 

H2CH3 






11 


m 


N/A 


(CH2)3C(0)OH 






7 


m 


N/A 


(CH2)3C(0)CH3 






7 


m 


N/A 


(CH2)3CN 






3 


m 
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Example 3. Effect of 4KtetrahydTOfaran-2-ylmeftyltMocarbamoylsolfanyl)-but3nri^ 
add methyl ester on Leucomefhylene Bine 

The Leucomethyiene Blue (LMB) assay measures the abiUty to reduce lipid 
hydroperoxides to the alcohol fomi as depicted in Figure 2. 

Mefliod; 

Linoleic acid was oxidized by soybean Upoxygenase to generate 13-hydroperoxy- 
octadecadienoic acid (13-HpODE). In a typical reaction, 2jil of 50 mM linoleic acid (in 
alcohol) was mixed with lOjxl of soybean Upoxygenase (100 units) in 988 ml of phosphate 
buffer saline (PBS). The reaction was monitored for the formation of 13-HpODE by 
following the diene absoibance at 234 nm, which generally reached a maximum wilhm 45 
minutes. Aliqoutes fiom the Upoxygenase reactions were added to cuvettes containing 
SOOjil of N-benzoyl leucomethyiene blue reagent in the presence or absence of compound, 
■nie reagent was prepared by dissolving 5 mg N-benzoyl leucomethyiene bhie in 8 ml of 
dimethylforamide (DMF), then adding this solution to a 0.05 M potassium phosphate 
buffer (pH 5) containing 1.4 g Triton X-IOO-PC and 5.5 mg hemoglobin and bringing it to a 
total volume of 100 mL The solutions in the cuvette were diluted to 750 jil. After 5 
minutes at room temperature the UV absorbance of the solution were read at 660nm. 

Results; 

The results of this assay for a control, dimefhyisulfoxide, pyrroUdine 
dithiocarbamate, and 4Ktetrahydrofuran-2-y]me1hylthiocaibamoylsulfenyl)-butyric add 
metiyl ester are summaiized in Figure 3. 

Example 4. OxyBlot™ Assay of 4-(tetrahydro^uran-^yhnefhylflllocarbamoy^ 
sulf anyl)butyric acid methyl ester 

The OxyBlot™ assay (Ihtergen) detects oxidative modification of proteins by 
reactive oxygen species such as hydroxynonenaL As a consequence of ihe modification, 
caibonyl groups are introduced into protein side chains by a site-specific mechanism. 
OxyBlot™ detects these caibonyl groups, whiA is a haUmaik of the oxidation status of 
proteins. 
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Methods; 

Cell culture: Nonnal human bronchial epilJielial cdls (NHBE) were purchased 
fiomCIonetics. They were odtured in BEGM(Clonetic8) media wiflioutretinoic acid, fiia 
typical experiment, the cells were seeded in 24-well plates. Media was changed to BEGM 
without retinoic acid (RA) and hydrocortisone (HC) 24 hr before dosing. Cells were then 
exposed to compounds in fresh BEGM without RA and HC for 20 min at 37*C, 
subsequenfly stimulated with TNF (lOng/ml) and JL-4 (20ng^al) purchased from 
Boehringer Mannheim for another 20 min at 3TC. All compounds were dissolved in 
DMSO and the final concentration of DMSO was 0,2%. 

limnunoblot: Cells were washed 3 times with cold PBS, and lysed in lOOfil/weU 
IX RIPA buffer (25 mM Tris pH7.6, 150mM NaCl, 2mM EDTA, 1% IGEPAC, 0.5% 
deoxycholate, 0.1% SDS), 50mM DTT, ImM PMSF. lOng/ml lei5)eptin, lnVml aprotinin. 
The cell lysates were clarified by centrifiigation. 5 fil of the lysates were mixed with 5^1 
12% SDS (OxyBlot™ kit) and 10^1 of IX 2,4-DintiiophenylhydTa2dn (DMPH) (OxyBlot™ 
kit). As negative controls, a parallel set of lysates was mixed with 12% SDS and a IX 
Derivatization-Control Solution (QxyBtot™ kit). All samples were then incubated at room 
temp for 15 min, followed by adding 15 yl of 12% SDS to each sanqile. 

Samples were fractionated by 4-20% gradient SDS-PAGE (NOVEX), transferred 
onto nitrocellulose filters (MSI) and incubated wifli the filters in Blocking/Mution Buffer 
(OxyBlot ™ kit) for 1 hour with gentle shakmg. Primary antibody (OxyBlot™ kit) was 
diluted 1:150 in Blocking/Dilution buffer and added to ttie filteis for 1-hour incubation at 
room temperature. The filters were flien washed in IX PBS-Tween four times. Secondary 
antibody (Oxj^lot™ kit) was dihited 1-JOO in Bloddng^Jilution Buffer and added to the 
filters for 1-hour incubation at room temperature. The filters were washed as previous, 
exposed to chemiluminescence reagents according to the manufecturer's directions and 
developed by autoradiography film. 

Results; 

The results from the derivatized samples are shown in Figure 4. The negative 
control samples did not have any signal on the film. 
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Example 5. Form 2 Assay of 4Ktetral.ydrofilral»-^ylmethylfllio- 

carbamoylsiilfanyI)butyric acid metiiyl ester 

nxe 15-Lipoxygenase Foim-2 (15-LOX-2) Assay is an immmoblot assay to 
measure tumor necrosis fector Opbi (TOF-a ) and interleukin^ (H^) co-induced 
expression of 15-LOX-2 in Normal Human EpitheKal Cells. 

Methods; 

Cell culture: Normal hmmm bronchial q)iflieKal cells (NHBB) were purchased 
fromClonetics. They were cultured mBEGMCQonetics) media wfhoutretinoic arid, toa 
typical experiment, the cells were seeded m 24-well plates. Media was changed to BECai 
without retinoic acid(RA) and hydrocortisone (HQ 24 hour before dosing. Cells were then 
exposed to TOF-a (lOng/ml) and IL4 (20ng/ml) purchased fiom Boehringer Mamiheim in 
the absence or presence of compounds in fresh BEGM without RA and HC for 16-20 hours 
at 3TC. To establish a dose curve for each compound, three concentrations in 2 fold 
increments were used. All compounds were dissolved in DMSO and the final concentration 

ofDMSOwasO.2%. 

Hmnunoblot: Cells were washed with cold IX PBS three times and then lysed by 
100^1 of Tris-Glycine SDS sample buffer (NOVEX). Lysates were fractionated by 4-20% 
gradient SDS-PAGE (NOVEX), transfenred onto nitrocellulose filters (MSI) and mcubated 
wiih flie filters in blocldng buffer (5% Blotto in IX Tris buffered saline (IBS) + 0.05% 
Tween 20) for 1 hour with gentle shaking. Primary antibody (anti-15LOX-2 purchased 
from Oxford Biomedical) was diluted 1:3000 in blocldng buffer and added to the filters for 
overnight incubation at 4"C. The filters were then washed in IX TBS-T four times. 
Secondary antibody (anti-rabbit Ig piirchased from Amersham) was diluted 1:5000 in 
blocking buffer and added to the filters for 1-hour incubation at room temperature. The 
filter were washed as previous, exposed to chemiluminescence reagents (ECL purchased 
from Amersham) according to the manufecturer's directions and developed by 
autoradiography. The hnages were scamied and analyzed by a software program (NK 
Image 1.59) to calcukle flie IC50. which is the concentration of compound requhed to 
inhibit 50% of tiie TNF + IL-4 stimulated agnal. 



Itesnlte* 

The 15-LOX.2 IC50 for 4-(tetrahydrofiiran-2-yhnethylthiocaibamoyisulfenyi)- 
butyric arid methyl esta: was 4.5 jiM. 
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Example 6. Eotaxin Assay of 4-(teti^ydTOfurm-2-ylinethyltliiocarbaiiioylsiilfanyI>. 
butyric acid rnethi^ ester 

The eotaxin assay is an enzyme immunoassay to measure tmnor necrosis ftctor 
alpha (TNF-a) and interleukin-4 induced expression of eotaxin in a human epithelial 
cellline(BEAS-2B). 

Methods; 

Cell culture: BEAS-2B cells purchased fiom ATCC and m ai nt ained in 
DMEM/F12 plus 10% serum and penicillin plus strq)tomycin. Jn a typical experiment, 
ceUs were seeded in 96-weU plates. The next day cells were stimulated wilh TNF (lOng/ml) 
+ IL-4 (20nniAnl) in the presence or absence of conq)ounds dissolved in 
dimethylsulphoxide (DMSO) in DMEM/F12 plus 1% rabbit sexum albumin (RSA). To 
establish a dose curve for each compound, three concentrations in 2 fold incremrats were 
used. Cells were exposed to cytokines and compounds for approximately 16 hours. The 
next day, the cells were examined under microscope to score for visual signs of toxicity. 
The culture media was used to measure eotaxin level. 

Immunoassay. lOO^iL of anti-human eotaxin monoclonal antibody (Sjig/mL) 
purchased fiom R&D Systems was used to coat 96-weU plates overnight at room 
temperature. The next day the plates were washed with 0.05% Tween 20 m IX PBS three 
times and blocked by adding SOOjil of IX PBS containing 1% BSA. 5% sucrose and 0.05% 
NaNs to each well for an hour at room ternperature. The plates were washed as previously 
described. lOOjxL of the culture media (no dilution is required) or eotaxin standard (1000, 
500, 250, 125, 62.5, 31.25, 15.62, 0 pgtol m 0.1% BSA. 0.05% Tween 20 in TBS) were 
added to each well and incubated at room temperature for 2 hr. The plates were washed as 
previously described. 100^1 of the Wotmyiated anti-human eotaxin antibody purchased 
from R & D Systems (150ng/inl, diluted in 0.1% BSA, 0.05% Tween 20 in TBS) was then 
added and mcubated at room tenq?erature for 2 hr. After anotiier wash, lOOjil of Avid-HRP 
(1:2000 in 0.1% BSA, 0.05% Tween 20 in TBS) purchased fiom Boehringer Mannhefan 
was added and incubated at room temperature for 30 min. After the final wash, lOOjil TMB 

was added. 2N sulphuric acid stopped the color development and data were collected by a 
microplate reader set at O JD. 450mn. The results were expressed as the percentage of 
control sample (cells stimulated by TNF without any compound). IC50 is the concentration 
of compound required to mhibit 50% of the TNF + IL-4 stimulated signaL 
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Results* 

ine eotaxin ICso of 4^u*rahydiofton-2-ylmefliyltluocaibmoyl«^ 
acid methyl ester was 6pM. 



Example?. Protocols for Preparation of N^ubstitutedDithiocarbamate Esters 

Tte con^unds of the present inveation can be prepared by utilizing kno^ 
procedures and tacbniques. or routine modifications &eieo^ as generally set forth by Thorn 
3^ Lodvdg in -ru. T^i.^.c^^«ies and Related Compounds (Elsevier Publishing 1962). 
A general syndetic scheme fiir preparing the conq«unds is set forth below. 



1) NaOH, MeOH 
or NaH. DMF 



%Hd/Si 2)CS2 



KzCOa. H2O-CHCI3 



Na 



Pmtncol A (via i»*prmpd,ate dithiocarhamate salt) 

A quantity of amine is dissolved in a suitable solvent (such as TOT or DMF or 
EtOH) and treatedmlh a sUght excess (1.1 eq.) of a suitable base (typicallyNaH or NaOH). 
Ti^ resulting mixture is stirred at room temperature ^d a sUght excess (1.03 eq) of carbon 
disulfide is added. Stirring of the mixture is continued for at least an additional 2 hours. 
Solvent isremovedby rotary evaporation to give the crude dithiocarhamate salt The s^^ 

dissolved in a solvent (e.g. DMF or EtOH) suitable for the subsequent alkylation reactioa 
He solution is stirred and treated with an alkylating reagent (1 eq.) or electrophile (1 eq.). 
The progress of the reaction is monitored by thin-layer chromatography. The reaction is 
typically quenched by the addition of an organic solvent (e.g. ethyl acetate) and de-iomzed 
water The immisdble layers are separated, and the organic layer is dried over anhydrous 
NaaSO. or MgSO. The drying agent is removed by filtration, and the organic phase is then 
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concentrated by rotary evaporadan to ^ve flie crude dilhiocarbaxnate ester. Purification is 
accQn5)lished by re-crystallization fiom a suitable solvent system or by chromatogr^hy to 
give the desired ^-substituted didiiocarbamate ester. 

Protocol B (via intermediate isothiocvanate) 

5 A quantity of thiocatbonyldiimidazole (1.02 eq.) is dissolved in chlorofoim. De- 

ionized water is added foUowed by 0.5 eq. of KaCOa. A quantity of amine (1.0 eq.) in 
chloroform is added to the mixture. The resulting mixture is stirred. The progress of the 
reaction is monitored by tiiin layer chromatography. The immiscible layers are separated, 
and the organic layer is concentrated by rotary evj^joration to give the crude isothiocyanate. 

10 The crude isofibiocyanate is dissolved in a solvent {e.g. DMF) suitable for the subsequent 
coupling reaction with a thiol (1 eq.). The progress of the reaction is monitored by thin 
layer chromatogrq)hy. A base (eg. NaH) may be added to accelerate the reactioiL The 
reaction is quenched by partitioning between an organic solvent (e.g. ethyl acetate) and 
water. The organic phase is separated and dried over anhydrous Na2S04 or MgS04. 

15 Removal of the drying agent is followed by removal of solvent by rotary evaporation to 
give the crude dithiocarbamate ester. Purification is accomplished by chromatography or by 
re-crystallization to give the deshed //-substituted dithiocarbamate ester. 

The compounds in the table below are made according to the synthetic protocols A 
or Bin Example 7. 

H (ID o T 

s (m) 

20 



Table 4 



X 


Y» 


N 


m 


VCAM-lICsoOiM) 


norm 




C(0)0CH3 


1 


3 


3 


n 
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X 


Y' 


N 


m 


VCAM-IIC50O1M) 


norm 


N/A 


(CH2)5C(0)OCH2 
CH3 






11 


in 


N/A 


(CH2)3C(0)OH 






7 


m 


N/A 


(CH2)3C(0)CH3 






7 


m 


N/A ■ 


(CH2)3CN 






3 


m 



Example 8. 4-(tetrahydrofuran-2-ylmethylthiocarbamoylsulfanyl)-^ acid imetliyl 
ester (NDE) 

5 



S 

To a solution of tetrahydofurfiirylainine (2 mL) in EtOH (20 mL) were added 5 N 
NaOH (3.9 mL) and carbon disulfide (1.17 mL), and flie mixture was stirred for L5 h. 
Methyl 4-clilorobutyrate (2.4 mL) was then added, and the mixture was stirred overnight. 
10 Upon quenching with saturated NaQ solution the mixture was extracted with ether. 
Chromatography on silica gel gave the desired 4-(tetrahydrofuran-2-yhnethylthio- 
carbamoylsulfanyl)-butyric acid methyl ester product (1.1 g). 

Pharmaceutical Compositions and Modes AHiwiTiktratiim 

15 Animals, includmg mammals and specifically humans, sufCmng fix>m any of the 

above-described conditions can be treated by the topical, systemic or transdermal 
administration of a composition comprising an effective amount of a iV^substituted 
dithiocarbamate ester or a phaimaceutically acceptable salt thereof optionally in a 
pharmaceutically acceptable carrier or diluent When treating proliferative cell diseases, the 

20 difliiocaibamate can be coadministered with a chemotherapeutic agent, which may also be 
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in the fonn of a phaimaceuticaUy acceptable salt, and optionally in a phannaceutically 

accq;>table earner or dilusit 

A proliferative cdl disease (such as a tumor) can be located in any part of the 
mammal. SpecificaUy, the tumor can be located in the breast, limg, fliyroid, lymph node, 
genitourinary system {e.g., kidney, ureter, bladder, ovary, teste, or prostate), 
musculoskeletal system (e.g., bones, skeletal muscle, or bone manow). gastrointestinal tract 
{e.g., stomach, esophagus, small bowel, colon, rectum, pancreas, liver, or smooth muscle), 
central or peripheral nervous system (eg., brain, spinal cord, or nerves), head or neck (e.g.. 
ears, eyes, nasopharymc, oropharymc, or saUvary glands), or flie heart. The mode of 
administration will depend upon the location and nature of the disease, as known to woikers 
skilled in the art. 

The compound of the present invention can be formulated as pharmaceutical 
compositions and administered to a mammalian host such as a human patient in a variety of 
forms adapted to the chosen route of administration, ue., orally or parenterally. by 
intravenous, intramuscular, or subcutaneous routes. Alternatively, the compound can be 
administered sublingually. mucosally (e.g. nasally), via inhalation. transdermaHy, or 
qphthalmically. 

The melbod herdn is also suitably performed through sustained release systems.* 
nie sustained release systems can be tailored for administration according to any one of the 
pioposedadministrationregimes. Slow or extended-release deUvety systems, including any 
of a number of Copolymers (biological-based systems), systems employing ^osomes. and 
polymeric deUvery systems, can be utilized wifli the compositions described herein to 
provide a continuous or long tern source of fliersqpeutic compound(s). 

Suitable examples of sustained release compositions mclude semipermeable 
polymer matrices in the form of shq)ed articles. e.g., fflms. microcapsules, or microspheres. 
Sustained release matrices include, for example, polylactides (U.S. Pat No. 3,773,919), 
copolymers of L-glutamic acid and -y^yl-L-^utamate (Sidman et aL, Biopolymers 
22:547-556, 1983), or poly-D-(-)-3-liydK)xybutyric add (BP 133,988). Sustained release 
composition also include one or more Kposomally entrapped dithiocafbamates and/or 
chemotherapeutic agents. Such compositions are prq)ared by mefliods known per se, &g„ 
as taught by Epstein et al. Proc. Natl. Acad. Sd. USA 82:3688-3692. 1985. Onlinarily. die 
Hposomes are of the small (200-800 A) unilamellar type in whidi the %id content is greater 
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tiian about 30 mol % cholesterol, the selected proportion being adjusted for ihe optimal . 
fbeapy. 

A variety of techniques to produce micraparticles have been described in the prior 
art For example. United Kingdom Patent Application No. 2,234,896 to Bodmer et aL 
describes amefhod of forming microparticles by mixing a solution of flie polymer dissolved 
in an qjprbpriate solvent wilii a solution of a drug. Micropartide formation is then induced 
by the addition of a phase inducing agent. European Patent Application 0 330 180 to Hyon 
et aL describes a process for prq)aring polylactic acid-type microparticles by adding a 
solution of a drug and a polymer in a mixed solvent to a phase inducing agent and 
ev^orating the original solvent micropartide formation. Other examples of processes for 
preparing microparticles by phase sqjaration technique have been desoibed in U.S. PaL 
Nos. 4,732,763 to Beck et al. and 4,897,268 to Tice c< a/, and by Ruiz oi in the 
Intemational Journal of Pharmaceutics (1989) 49:69-77 and in Pharmaceutical Researdi 
(1990)9:928-934. 

The iV-substituted dithiocaibamate esters and/or chemotiier^eutics agents may be 
administered orally in combination willi a pharmaceutically acceptable vehicle such as an 
inert diluent or an assimilable edible carria:. They may be enclosed in hard or soft shell 
gelatin capsules, may be conq>ressed into tablets, or may be incorporated directly with the 
food of the patient's diet For oral ther^eutic administration, the substance may be 
combined with one or more exdpients and used in the form of ingestible tablets, buccal 
tablets, trodies, cqjsules, elixirs, suspensions, syn?)s, wafers, and tiie like. Such 
conqwsitions and preparations should contain at least 0.1% of liie substance. The 
percentage of the conqpositions and preparations may, of course, be varied and may 
convemenfly be between about 2 to about 60% of the wdgjht of a given unit dosage form. 
The amount of substance in sudi therapeutically useful conq>ositions is such fliat an 
effective dosage levd will be obtained. 

Tablets, troches, pills, c^sules, and the like may also contain the following: binders 
sudi as gum tragacanfli, acada, com starch or gelatin; excq)ients sudi as dicaldum 
phosphate; a disintegrating agent sudi as com stardi, potato stardi, alginic add and die like; 
a lubricant sudi as magneaum stearate; and a sweetening agent sudi as suojose, fructose, 
lactose or aspartame or a flavoring agent such as peppermint oil of wintergreen, or dieny 
flavoring may be added When tiie unit dosage form is a capsule, it may contain, in addition 
to materials of the above type, a liqmd carrier, sudi as a vegetable oil or a polyefliylaie 
glycol. Various other materials may be present as coatings ot to otherwise modify ihe 
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physical formofthesolidmiitdosagefonn. For instance, tablets, pills, or capsules may be 
coated with gelatin, wax. shellac or sugar and the like. A syn,. or elixir may contain the 
active compound, sucrose or fiuctose as a sweetening agent, methyl and ptopy^arabens as 
preservatives, a dye and flavoring such as cherry or orange flavor. Of course, any material 
used in preparing any unit dosage form should be phaimaceutically acceptable and 
substantially non-toxic in the amounts employed. In addition, the substance may be 
incorporated into sustained-release prq)arations and devices. 

The W-substituted dithiocarbamate esters and/or chemothet^eutics can also be 
administered intravenously or intr^eritoneally by infesion or injection. Solutions of the 
substance(s) can be prepared in water, optionally mixed with a nontoxic surfactant 
Dispersions can also be prepared in glycerol. Uquid polyethylene glycols, triacetin, and 
nrixtures thereof and in oils. Under ordinary conditions of storage and use. these 
. pieparationscontainapreservativetopreventlhegrowthofmicroorganisms 

The pharmaceutical dosage forms suitable for injection or infusion can include 
sterile aqueous solutions or dispersions or sterile powders comprismg the substance(s) 
which axe adapted for the extemporaneous pn?>aration of sterile iigectable or mfusible 
solutions or dispersions, optionally enc^sulated in liposomes. M aU cases, the ultimate 
dosage fomi must be sterile, fluid and stable under the conditions of manufecturo and 
storage. Ihe Uquid carrier or vehicle can be a solvent or Uquid dispersion medium 
comprising, for example, water, normal saline, ethanol. a polyol (for exan^le. glycerol, 
propylene glycol. Hquid polyethylene glycols, and the like), vegetable oils, nontoxic 
glyceryl esters, and suitable mixtures thereof The proper fluidity can be maintained, for 
example, by the fomiation of liposomes, by the maintenance of the required particle size in 
the case of dispersions or by the use of surfactants. The prevention of the action of 
microorganisms can be brought about by various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol. sori>ic acid, thimerosal. and the like. In many 
cases, it will be preferable to include isotonic agents, for example, sugars, buffers or sodium 
chloride. Prolonged absorption of the injectable compositions can be brought about by the 
use in the compositions of agents delaying absorption, for example, aluminum monosteande 
and gelatin. 

sterile injectable solutions are prepared by incorporating the substance(s) in the 
required amomit in the appropriate solvent with various of the other ingredients enumerated 
above, as required, followed by filter sterilization. M the case of sterile powders for the 
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preparation of sterile injectable solutions, the preferred methods of preparation are vacuum 
drying and the freeze drying tediniques, which yield a powder of the active ingredient plus 
any additional desired ingredient present in tiie previously sterile-filtered solutions. 

Injectable solutions are particularly advantageous for local administration of the 
therapeutic composition. In particular, intra-muscular injection can be used to deliver the 
dithiocarbamate and chemotherapeutic agent directly to a tumorous growth, Intra-articular 
injection is a preferred alternative in cases of arthritis where the practitioner wishes to treat 
one or only a few (such as 2-6) joints. Additionally, the therapeutic compounds are injected 
directiy into lesions (intra-lesion administration) in appropriate cases. latradeimal 
administration is an alternative for dermal lesions. 

The ther^eutic compound or compounds are optionally administered topically by 
the use of a transdermal ther^eutic system (see, Barry, Dermatological Formulations, 
(1983) p. 181 and literature cited therein). While such topical deUvery systems have been 
designed largely for transdennal administration of low molecular weight drugs, by 
definition they are enable of percutaneous delivery. They can be readily ad^ted to 
administration of the tiierq?eutic conqwunds of the invention by approprisLte selection of flhie 
rate-controlling micropoious membrane. Topical application can also be achieved by 
applying the compound of interest, in a cream, lotion, ointment, or oil based carrier, directiy 
to the skdn. Topically, the concentration of thwapeutic compound in a cream, lotion, or oil is 
1-2%. 

For drag targeting to lung tissue, the thenqpeutic compound is formulated into a 
solution, suspension, aerosol or particulate dispersion s^ypropriate for application to the 
pulmonary system. The ther^eutic agent may be inhaled via nebulizer, inhalation capsule, 
inhalation aerosol, nasal solution, intratracheal as a solution via syringe, or endotracheal 
tube as an aerosol or via as a nebulizer solution. Aersols are prepared using an aqueous 
aerosol, liposomal preparation or solid particles containing the compound. A nonaqueous 
{e.g. fluorocaibon piopellant) suspension could be used. Sonic nebulizers are preferred 
because they minimize exposing flie tiierapeutic compound to shear, which can result in 
degradation of the compound. 

Sublingual tablets are designed to dissolve very rapidly. Examples of such 
formulations include ergotamine tartrate, isosorbide dinitrate, isoproterenol HQ. The 
formulation of these tablets contain, in addition to the drug, a Kmited number of soluble 
excipients, usually lactose and powdered sucrose, but occasionally dextrose and mannitoL 
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The process of making sublingual tablets invoWes moistening fte blended powder 
conq)onents vdlh an alcohol-water solvent system containing approximately 60% alcohol 
and40%wat6r. 

In addition to the AT-substituted diftdocaAamate ester and/or chemotherq?eutic, the 
prototype formulation for sublmgual tablets may contain a binder such as povidone or 
HPMC, diluents such as lactose, mannilol. starch or ceUulose, a disinegrant such as 
pregelatinized or modified starch, lubricants such as magnesium stearate, stearic add or 
hydrogenated vegetable oil. a sweetener sudi as saccharin or sucrose and suitable flavoring 
and coloring agents. 

DeUvery of the A^substituted dithiocaibamate esters and/or chemother^eutic agents 
of the instant invention by the mucosal route also offers an attractive administration 
alternative. The prototype formulation for nasal solutions will contain the corapound(s) 
dissolved in a suitable aqueous or non-aqueous solvent such as propylene glycol, an 
antioxidant such as ascorbic acid and aromatic oils as flavoring agents. The formuhition 
may also contain suitable propellant(s). 

For ophthahnic appUcations. the iV^substituted dithiocarbamate ester and/or 
chemotherapeutic agent is formulated into solutions, suspensions, and ointments 
appropriate for use in the eye. For opthahnic formulations, see Mitra (ed.), Ophthahnic 
Drug DeUvery Systems, Marcel Dekker, Inc.. New York, New York (1993), and also 
Havener, W JL, Ocular Pharmacology, C.V. Mosby Co., St Louis (1983). 

Usefiil dosages of the conq)ounds can be determined by comparing then- in vitro 
activity, and m vivo activity m ammal models. Methods for the extrapolation of effective 
dosages m mice, and other anhnals, to humans are known to the art; for exan^le, see U.S. 
PaL No. 4,938,949. The amount of the substance required for use in treatment will vary not 
only with the particular salt selected but also with the route of administration, the nature of 
the condition being treated and the age and condition of &e patient and will be ultimately at 

the discretion of tibe attendant physician or dinidan. 

When administered by itself however, a suitable dose of the AT-substituted 
dithiocarbamate ester will be m the range of fiom about 0.5 to about 100 mgflcg, e.g., 6om 
about 10 to about 75 mg/kg of body weight per day, sudi as 3 to about 50 mg per kilogram 
body weight of the redpient per day, preferably m the range of 6 to 90 mg^day. most 
preferably in the range of 15 to 60 mg/kg/day. The substance is convemenfly admmistered 
m unit dosage form; for example, containing 5 to 1000 mg, conveniently 10 to 750 mg, 
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most conveniently, 50 to 500 mg of active ingredient per unit dosage fomL Ideally, the 
substituted dithiocarbamate ester should be administered to achieve peak plasma 
concentrations of from about 0.5 to about 75 /iM, preferably, about 1 to 50 /iM, most 
preferably, about 2 to about 30 jwM. This may be achieved, for exatrqple, by the intravenous 
injection of a 0.05 to 5% solution of flie substance, optionally in saline, or orally 
administered as a bolus containing about 1-100 mg of the substance. Desirable blood levels 
may be maintained by continuous infusion to provide about 0.01-5.0 mg/kg/hr or by 
intermittent injftisions containing about 0.4-15 mg/kg of the substance. 

When the iST-substituted dithiocarbamate ester is coadministered with a 
chemotherapeutic agent for the treatment of a cellular proliferative disorder, the dosmg will 
generally be based xapon the accepted dosing rate and schedule for the chemotherapeutic 
agent, and the level of iV^substituted dithiocaibamate ester which maximally potentiates the 
efficacy of the chemother^eutic agent without inducing unacceptable levels of 
cytotoxicity. However, it should be understood that any concentration of the iV^substituted 
dithiocarbamate ester can be administered to potentiate the activity of the chemofherq)eutic 
agenL 

The TiT-substituted dithiocarbamate ester and/or chemother£5>eutic agent may 
conveniently be presented in a single dose or as divided doses administered at ^propriate 
intervals, for example, as two, fliree> four or more sub-doses per day. 

Biodegrad? >l^le Implants 

In one embodiment the invention provides a biodegradable implant that is inserted 
into the void created by surgery for removal of a tumor. By the term '^biodegradable'* is 
meant capable of bemg completely removed from the localized area, by physiological 
metabolic processes. The implant contains the W'-substituted dithiocarbamate ester of the 
present invention and optionally a chemotherapeutic agent, and is present in a sustained 
release formulation ttiat permits sustained local delivery to the excision site for a 
substantially predetermined period of time. The implant is useful for any surgery which 
removes a cancerous tumor from a patient's body, and is particularly useful following the 
removal of a cancerous growth from the brain, breast, or other bodily tissue. 

A number of sustained-release implants are known in the art. Most inq)lants are 
'Wtrix" type, and comprise an active compound dispersed in a matrix of a carrier material 
The carrier material may be either porous or non-porous, solid or semi-solid, and permeable 
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or inqjenneable to the active compound. Matrix devices are typicaUy biodegradable, U, 
they slowly erode after administration. Altemativdy, matrix devices may be 
nondegradable, and rely on difBiaon of the active conqwimd through the walls or pores of 
thematrix. Matrix devices are preferred for the !9jpKcationscoiitenq>lated herein. 

Thus, in one embodiment the invention provides a surgical bapbsct fcr localized 
deUvery of a chemotherapeutic agent, the W^stituted difliiocaibamate ester of the present 
invention, and a biodegradable binder. The inq)lant prefenibly is capable of releasmg and 
deUvering the chemotherapeutic agent and difliiocaibamate to substantially all of an area of 
clear margin that results ftom a surgical hraqpectomy, and is also preferably cq«ble of 
releasing the conq>ounds at a substantially constant rate for at least one day. In anoflier 
embodiment the invention provides amefliod of delivering an JV-substituted dithiocaibamate 
ester and a chemotherapeutic agent to an area of clear margin following a surgical 
lumpectomy comprising (i) providing an mip\mt comprismg the chemoflierapeutic agent 
and dithiocarbamate and a biodegradable binder, and (ii) placing the ixaphoA into a void 
created by the surreal lumpectomy. 

Ihe surgical implant can come in a variety of forms. In one embodiment the 
implant is a bolus, comprising a viscous and deformable material capable of being shaped 
and sized before implantation to complement a void created by a surgical lumpectomy, and 
sufficiently deformable upon implantation to contact substantiaUy all of an area of clear 
margjiL 

The bolus will typically have a volume of at least about 1 cm', and is often greater 
than 5, 10, 20, or 50 cm' in volume. The implant can also comprise an outer layer and a 
core, wheim the outer later comprises the difluocarbamate, and became it contacts the area 
of clear margin is able to release flie active conqwunds directty to the adjacent tissue m the 
clearmargin. 

The surgical unplant can also conq?rising a pluraUty of capsules that can be poured 
into the void created by a surgical luii5)ectomy. These capsules will contain the 
chemotherapeutic agent, the dithiocarbamate, and a suitable binder. Because they are 
flowable, Ihey can be poured into the void created by a surgical lumpectomy, and thereby 
contact substantially all of the area of clear margin. 

Many suitable compositions for flie implant are known and can be used in practicing 
flie inventioa Sudi compositions are described m. for exan?»le. CSiasin eL aL, 
Biodegradable Polymers as Drug DeHvery Systems, Marcel Dekka: hic., NY. ISBN 0- 
8247-8344-1, the disclosure of whidi being incoiporated herein by this reference. 
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Prefoable compositions are phannaceutically acceptable, biodegradable, and meet the 
particular release profile characteristics that are required to achieve the administration 
regime involved. 

The inq)lant typically coinprises a base con^osition whidi acts as a matrix to 
contain and hold the contents of the unplant together. The base composition can, in torn, 
comprise one or more constituents. Examples of base compositions include polymers and 
copolymers of anhydrides, orthoester, lactic add, gjlycolic add, dioxonane, trimefliyiene 
caibonate, £-c?px)lactone, phosphazoie, andglyceryl monostearate. 

In one embodiment the base conposition fiir ttie matrix conqprises a polyanydride, 
which can be synttiesized via the dehydration of diadd molecules by melt condraisatioQ. 
Degradation times can be adjusted firan days to years according to the hydrophobidty of 
tiie monomer selected. The materials degrade primarily by suirfeciB erosion and possess 
excellent in vivo compatibility. In one embodiment the polyanhydride is formed fiom 
sebasic acid and hexadecandioic acid (poly(SA-HDA anhydride). Wafer-like mq)lant8 
using this base composition have been approved for use in teain cancer, as Giadel®, by 
Guilford Pharmaceuticals. 

The implant optionally can comprise erosion and biodegradation enhancers which 
fecilitate the erosion of the matrix, the dissohition of the core composition, or the intake of 
the core composition via metaboUc processes. Particularly suitable erosion and 
biodegradation oihancers are biodegradable in biological fluids, and biocompatible. 
Hydrophilic constituaits are typical, because Ihey are capable of enhancing the erosion of 
flie implant in the presence of biological fluids. For example, K. Juni et al., Chem. Phaim. 
BulL, 33, 1609 (1985) disclose fliat flie release rate of bleomycin fix)m polylactic add 
microspheres is greatly enhanced by hicorponitmg fatty add esters into the microspheres. 
Other exemplary hydrophilic constituents are described, for example, in Wade & Weller, 
Handbook of pharmaceutical Exdpients (London: Pharmaceutical Press; Washington D.C.: 
American Pharmaceutical Ass'n 1995), and inctade the polyethylene glycols ("PEGs"), 
propylene gjycol C*PG"), glycerin, and sorbitol 

Surfectants furflier enhance the erosion of the matrix and flie release of flie drug. 
Surfactants are generally capable of increasmg the wettability and flie sohibiUty of flie base 
composition m biological fluids, and fliereby causing flie disintegration and erosion of flie 
implant. Surfactants can also help to break down flie core conqwsitian matrix when, for 
example, flie mefliod of fomiing flie dosage form has reduced flie solubiUty of any of flie 
constituents. Surfectants can also nnprove flie uptake of flie dosage forms into flie 
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bloodstream. Suitable surfecrtants incliwie. to example, glyce^^ 

glyceryl monooleate and glyceryl monolauiate, polaxemers such as Pluronic F127. and 

polysoibates such as polyoxyefliylene soAitan monooleate C"rweea 80*0. 

•Hie implant could also include conqKments that retard the rate at whidi the implant 
erodes orbiodegrades (erosion and/or biodegradationretardants). Hydrophobic constituents 
are a particularly suitable class of con^nents for retarding the rate at which the outer layer 
biodegrades. Suitable hydrophobic constituents are described, for example, in the 
Handbook of Pharmaceutical Excipients, die disclosure fiom which being hereby 
incorporated by reference. Exemplary hydrophobic constitaents uiclude peanut oil, olive oil. 
and castor oil. 

Any proportions or types of constituents can be chosen that effectively achieve a 
desired release profile, and thereby carry out the prescribed administration regime. The 
most desirable base compositions generally release the drug substantially contmuously. and 
biodegrade completely shorfly after substantially all of the drug has been effectively 
released. The amount of drug included in the dosage forms is determmed by the total 
amount of Ihe drug to be administered, and the rate at which the dmg is to be deUvered. 
Hie total amount of the drug to be delivered is detemmed according to clinical 
requirements, and in keeping with the considerations that typically inform drug dosage 
detemrinations in other contexts. In one embodiment the implant comprises fiom zero tD 
about 20 parts by wei^ erosion and/or biodegradation enhancers, fiom about 60 to about 
100 parts by weight core base composition, and fiom about 1 to about 40 parts by wd^t of 
lbs dithiocarbamate and diemotherapeutic agent of the present invention. The surgical 
implant also can contain one or more other drugs having therapeutic efficacy in the intended 
appfications, such as an antibiotic an analgesic, or an anesthetic. 

Modifications and variations of the present invention will be obvious to those skilled 
intheartfromtheforegoingdetaileddescriptionoflheinvention. Such modifications and 
variations are intended to come wifhihe scope of the appended claims. 
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What Is claimed fa: 

1) A method of treating a hyperproliferative disorder comprising administering an 
antiproliferative agent in cx)mbination with a potentiating effective amomit of a JV- 
substituted dithiocaibamate ester, or a pharmaceutically acceptable salt hereof. 

2) The method of claim 1 wherein the hyperproliferative disorder is a tumor. 

3) The method of claim 1 wherein the hyperproliferative disorder is a tumor, and the 
antiproliferative agent is a chemotfaer^eutic agent 

4) The method of claim 3 wherein the chemolherqpeutic agent is 5-fluorouracil. 

5) The method of claim 3 wherein the chemotherq>eutio agent is FdUMP, cisplatin, 
etoposide, adriamycin^ or S-aza-2 -deoxycytidine. 

6) The method of claim 3 wherein the iV-substituted dithiocarbamale is defined by flie 
following formula (I): 

(linker^) J (linker^) 

(0 

wherein: 

a) X is selected fiom alkyl, alkenyi, alkynyl, heteiocycKc, beteroai^ aryl, 
aralkyl, heterocycUcalkyl, heteroarylalkyl, alkatyl, alkylheterocycUc, or 
allQrlheteioaTyl which can be optiooally substitute^ 

b) Y is selected independently firan H, CN, OR. OC(0)R, C(0)NR'R*, C(0)R, 
NR'r^ C(0)(0R), amino acid, alkyi, alkenyl, aDcynyl, heterocycKc, 
heteroaryi, aiyi, aralkyl, heterocycUcalkyl, heteroaryhilkyl, attaryl, 
allQdheterocyclic, or alkylheteroaryl which can be optionally substituted; and 
wherein R, R' and R* are independently H, alkyl, alkenjd, alkynyl, 
heterocycUc, heteroaryi, aryl, aralkyl, heterocyclicalkyl, heteroarylalkyl, 
alkaryU alkylheterocycUc, or alkylheteroaryl which can be optionally 
substituted; 

c) Unker * and Unker ^ are independently alkyl, alkenyl, aUcynyl, heterocycUc, 
heteroarjd, aryl, aralkyl, heterocycUcalkyl, heteroar)4a]k)d, alkaryl, 
aUcyUieterocycUc, or alkyUieteroaryl, which can be optionaUy substituted and 
wherein linker' can be a direct bond. 
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7) lie method of claim 6 wherdn Y is selected independently fiom H, CN. OR, 
OC(0)R. C(0)NR'r', C(0)R,NR'R', and C(OXOR). 

8) The method of claim 3 wherein the dithiocarbamate is defined by the foUowing 

Structure (U): 

(0) 

wherein X is a het«rocycle or heteroaiomatic moietjr, Y is CN. OR. OC(0)R, 
C(0)NR^R^ cm. NR'R'. ^ C(OXOR); n is 1. 2. 3. or 4 and m is 1. 2. 3, 4. 5, or 6. 
9) The method of claim 3 herein the dilhiocaibamate is defined by the following 
Structure (TO- 

(D) 

wherein 

a) Xistetrahydiofunu^ 

b) Y is H, CN or a substituted or unsubstituted group selected fiom alkyl, 
alkenyl. .!kynyU OR, OC(0)R, C(0)m>R^ C(0)R, m}R\ heterocycUc. 
heteroaiyl. aiyl. aialkyl. heterocyclylalkyl. heteroarylalkyl, alkaryl, 
alkylheterocyclic, or aDcylhcteroaryl; 

c) R. and R* are H or optionaUy substituted lower alkyU and 

d) n is 0-12 and m is 1-12. 

10) The method of claim 3 wherein the dilhiocaibamate is defined by the following 

structure (IQ: 

CD) 

whereiii: 

a) X is an optionaUy substituted 5 or 6 membered heterocyclic ring; 

b) Y is H or a substituted or unsubstituted group selected fixjm alkyl, alkenyl. 
alkynyl. OR, CN. 0C(O)R. C(0)NR^R\ C(0)R, NR*R^ heterocycUc. 
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heteroarji, arjd, aralkyi, heterocycle-alkjd, heteroarylalkyl, alkar^ 
alkylheterocyclic, or alkyiheteroaiyl; 

c) R is H or substituted or unsubstituted lower allQd; 

d) and R^ are independently H, substituted or unsubstitutedal^^ 

with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaromatic 
bridge, such as -(CH2)m- wherein m is 2, 3, 4, 5, or 6; 

e) nisl-3;and 

f) m is 1-12. 

11) The method of claim 10 wherein: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocyclic ring; 

b) Yis COOR; 

c) n is 1-3; and 

d) m is 1-10, preferably 1-5. 

12) The method of claim 10 wherein: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocyclic; 

b) YisC(0)NR^R^ 

c) R^ and R^ are independently H, substituted or unsubstituted alkyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaromatic 
bridge, such as -{CEiW wherein m is 2, 3, 4, 5, or 6; 

d) n is 1-3; and 

e) m is 1-10. 

13) The method of claim 10 wherein: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocyclic; 

b) YisC(0)OR; 

c) R is H or lower alkyl; 

d) . nis 1-3; and 

e) m is 1-10, preferably 1-S. 

14) The method of claim 10 wherem: 

a) X is a substituted or unsubstituted 5 or 6 membraed heterocyclic; 

b) YisC(0)R; 

c) R is lower alkyl, preferably methyl; 

d) nis 1-3; and 

e) . mis 1-10. 
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15) The method of claim 10 wherdn: 

a) X is an optionally substituted 5 or 6 mcanbexed heterocyclic; 

b) Y is an optionally substituted aiyl, heteroaryl, or hetarocyclic; 

c) nisl-3;and 

d) mis 1-5. 

16) The mefliod of claim 10 wherein: 

a) X is an optionally substituted 5 or 6 membered heterocyclic; 

b) YisCN.H,NR'R^o^CH(^iR•R')C(0)OR; 

c) R is Hot substituted orimsubstitutedlowwallcyl; 

d) and R^ are independentiy H, substitiited or unsubstituted alkyl, or togelher 
with N constitute a 3, 4, 5, 6, or 7 membered heteiocycKc or heteroaromatic 

bridge, such as -<CH2)m- wherein m is 2, 3, 4, 5, or 6; 

0 

e) n is 1-3; and 
£) mis 1-5. 

17) The method of claim 3 wherein the dithiocaibamate is defined by the foUowing 
stmcture QS): 

H 

(0) 

wherein: 

a) X is substituted or unsubstituted aryl or heteroaryl; 

b) Y is H, CN or a substituted or imsubstituted gro>^ selected fiom alkyi. 
alkenyl, alkynyi, OR, OC(0)R. C(0)NR^R^ C(0)R, NR»R^ heterocycUc, 
heteroaryl, aryl, aralkyl heterocyclylalkyl, heteroaryiaDcyi, aDcaryl. 
alkylheterocyclic, or alkylheteroaryU 

c) R is H or substituted or unsubstituted lower alkj4; 

d) R* and R^ are independentiy H, substituted or unsubstituted alkyl, or togelher 
wilh N constitute a 3. 4, 5. 6, or 7 membered heterocycUc or heteroaromatic 
bridge, such as -(CH2)m- wherein m is 2, 3, 4, 5, or 6; 

e) n is 0-3; and 

f) mis 1-10. 

18) The mefliod of claim 17 wherein: 

a) X is optionally substituted aryl or heteroaryl; 
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b) YisC(0)OR; 

c) Ris Hot lower alkyl; 

d) iiisO-3;and 

e) mis 1-10, preferably 1-5. 

19) Hie mefhod of claim 17 wherein: 

a) X is substituted or unsubstitutedaryl or heteroaryU 

b) YisCOOCHa; 

c) n is 0-3; and 

d) m is 1-10, preferably 1-5. 

20) The method of claim 17 wherein: 

a) X is substituted or unsubstituted aryl or heteroaryl; 

b) YisC(0)NR^R^ 

c) and R^ are independently H, substituted or unsubstituted alkyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocychc or heteroaromatic 
bridge, such as -(CH2)m- wherem m is 2, 3, 4, 5, or 6; 

d) n is 0-3; and 

e) m is 1-10, preferably 1-5. 

21) The mefhod of claim 17 wherem: 

a) X is substituted or unsubstituted arjd or heteroaryl; 

b) YisC(0)I^ 

c) Ris lower alkyl; 

d) nisO-3;and 

e) mis 1-10. 

22) The method of claim 17 wherem: 

a) X is substituted or unsubstituted aryl or heteroaryU 

b) Y is substituted or unsubstituted aryl, heteroaryl, or heterocyclic; 

c) nisO-3;and 

d) mis 1-5. 

23) The method of claim 17 wherdm 

a) X is substituted or unsubstituted aryl or heteroaryl; 

b) YisCN,H,NR'R',orCH(NR^R2)C(0)OR; 

c) R is H or substituted or unsubstituted lower alkyl; 
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d) andR^ are independently H. substituted or imsubstitated alkyl, or to^ 
with N constitute a 3. 4, 5. 6, or 7 mernbeted heterocyclic or heteioaromatic 
bridge, such as -{CHaW wherem m is 2, 3, 4, 5, or 6; 

e) nisO-3;aiid 

f) m is 1-5. 

24) The method of claim 3 wherem tiie diftiocarbamate is defined by the following 
structure (D): 

(H) 

whetdn: 

a) X is a substituted or unsubstituted 2- or 3- benzofimm. benzothiophene. or 
indole; 

b) Y is H, CN or a substituted or unsubstituted group selected ftom alkyl, 
alkenyl. alkynyl. OR. OC(0)R. CXO)NR^R^ C(0)R, NR^R^ heterocycUc. 
heteioaryl, arji. aralkyl. heterocycyclic^l. heteroarylalkyl. alkaryl. 
alkylhrterocyclic, or attylheteroaryl; 

c) R is H or substituted OT unsubstituted lower alkyU 

d) R^ andR^* aieindependentlyHorsubstitutedorunsubstitutedlower alkyU 

e) nisl-3;and 
S) m is 1-12. 

25) The method of claim 24 whardn: 

a) X is a substituted or unsubstituted 2- or 3- benzofuran, benzofliiopheae. or 

indole; 

b) YisC(0)OI^ 

c) R is H or lower alkyl; 

d) n is 1-3; and 

e) m is 1-10, preferably 1-5. 
26) The method of claim 24 wherein: 

a) X is a substituted or unsubstituted 2- or 3- benzofuran. benzothiophene. or 

indole; 

b) YisC(0)R; 

c) R is lower aDqrl; 
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d) n is 1-3; and 

e) m is 1-10. 

27) The melliod of claim 24 ^erem: 

a) X is a substituted or unsubstituted 2- or 3- benzofuran, benzotbiopheue, or 
indole; 

b) Y is substituted or unsubstituted aryk heteroaryl, or liet^xxsyclic; 

c) n is 1-3; and 

d) misl-S. 

28) The method of claim . 3 whordn the dithiocaibamate is defined by the following 
structure (n): 

(n) 

wherein: 

a) X is a substituted or imsubstitutedalkyl group; 

b) Y is H, CN or a substituted or unsubstituted groiq> selected fiom alkyl, 
alkenyl, alkynyi, OR, OC(OJR. C(0)NR*R^ C(0)R, ^IR*R^ heterocyclic, 
heteioaryl, aryl, aralkyl, heteiocycyclic-alkyl, heteroaiylalkj^ sSkaryU 
alkylheterocyclic, or alkylhetaoaryl; 

c) R is H or substituted or unsubstituted lower alkjd; 

d) R* and are indq)endently H or substituted or unsubstituted loWer alkyl; 

e) n is 1-3; and 

f) mis 1-12. 

29) The method of claim 3 wherein the dithiocaibamate is defined by the following 
structure CEO: 

(D) 

wherein: 

a) X is a substituted or unsubstituted carbohydrate; 

b) Y is H, CN or a substituted or unsubstituted grovq> selected from alkyl, 
alkenyl, alkynyi, OR, OC(0)R, C(0)NR'R^ C(0)R, NR*R^ heterocyclic. 
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heteroaiyi. aryl. aralkyl. heterocycycU<>alkyl heteroarylalkyl. alkaryl. 
alkylheterocyclic, or alkylheteroaryU 

c) R is H or substituted or unsubstitiited lower alkyl; 

d) andR^ areiiidq)endentlyHorsubstitatedorunsubstitutedlo^^ 

e) n is 1-3; and 

f) mis 1-12. 

The method of clahn 3 wherein &e dithiocaibamate is defined by flie following 
structure (DQ: 



30) 




en) 

a) X is substituted or unsubstituted heterocycttc, heteroaryl. heteroarylalkyl or 
heterocycUcalkyl. wherein fteheterocycUc or heteroaryl binds to the molead^ 

through a carbon in the ring of the heterocycUc or heteroaryl; 

b) Y is H, CN or a substituted or unsubstituted group selected Scorn alkyl, 
alkenyl. alkynyl, OR. OC(0)R, C(0)NRV. CXO)R. NR^R^ heterocyclic, 
heteroaryl, aryl. aralkjd. heterocycycfic^l, heteroaiyiaDcyi. alkaryl, 
alkylheterocyclic, or alkylheteroaryl; 

c) R is H or substituted or unsubstituted lower alkyl; 

d) Ri andR^' aremdepeadentlyHorsubstitutedorunsnbstitutedlower alkyU 

e) nisl-3;and 

f) mis 1-12. 

31) The method of claim 30 wherein: 

a) X is substituted or unsubstituted heterocycUc. heteroaryl. heteroarylalkyi or 
heterocycUcalkyi. wherein the heterocyclic or heteroaryl binds to the molecule 
through a carbon in the ring of the heterocycUc or heteroaryl; 

b) YisC(0)OR; 

c) R is H or lower alkyl; 

d) nisl-3;and 

e) mis 1-10. 
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32) The method of claim 30 wherem: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarjdalkyl or 
heterocyclicalkyl, wherein the heterocyclic or heteroaryl binds to the molecule 
ttm>ugh a carbon in the ring of flie heterocyclic or heteroarjd; 

b) Y is an amino acid; 

c) RisHorloweralkyl; 

d) nisl-3;and 

e) m is 1-10. 

33) The method ofclaim 30 wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarjialkyl or 
heterocyclicalkyl, wherein the heterocyclic or heteroaryl binds to the molecule 
through a carbon in flie ring of the heterocyclic or heteroaryl; 

b) YisC(0)NR^R^ 

c) RisHorloweralkyl; 

d) nisl-3;and 

e) mis 1-10. 

34) The method of claim 30 wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylalkyl or 
heterocyclicalkyl, wherein the heterocyclic or heteroaryl binds to the molecule 
through a carbon in the ring of the heterocyclic or heteroaryl; 

b) YisCXO)R; 

c) RisHorloworalkyl; 

d) nisl-3;and 

e) mis 1-10. 

35) The method ofclaim 30 wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylalkyl or 
heterocyclicalkyl, wherein the heterocyclic or heteroaryl binds to the molecule 
tibrough a carbon in the ring of the heterocyclic or heteroaryl; 

b) Y is substituted or unsubstituted aryl, heteroaryl, or heterocyclic; 

c) n is 0-3; and 

d) mis 1-5. 
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36) nie method of claim 3 wherein fte dilhiocarbamate is defined by the Mowing 
structure (D): 



^ H 

(D) 

wherdn: 

a) X is substituted or unsubstituted heterocycUc, heteroaryl. heteroarylalkjd or 

heterocyclio-alky, 

b) YisCN,H,NR'R^orCH(NR'R')C(0)0^ 

c) R is H or substituted or unsubstituted lower alkyl; 

d) and R^ are independently H, substituted or unsubstituted alkyi. or together 
wiih N constitute a 3. 4, 5. 6. or 7 membered heterocycKc or hetetoaromatic 
bridge, such as -(CH^ wherem m is 2, 3, 4, 5, or 6; 

e) nisO-3;and 

f) mis 1-5. 

37) The method of claim 3 wherdn the JV^bstituted diflnocafbamate ester is 4- 
(tetrahydrofcran-2-yhnethyitMocaibamoylsu]fimyl)-butyric add methyl esto^ 

38) The method of clahn 3 whereiii flie ^-substituted dilhiocarbamate ester is selected 
from: 

(Tetrahydiofuran-2-yhnethyl)di1hiocaAamic addme&yl ester, 
(Tetrahydiofuran-2-yhnethylthiocaibamoylsulfanyl) acetic acidmethyl ester, 

3. Cretrahydrofean-2-yhnethylttoocarbamoylsulfenyl>propiomcaddmethylesta^^ 

4. Cretrahydiofuran-2-yhnethylthiocarbamoylsulfanyl> butyric add methyl ester, 
6<retrahydiofuran-2-yhnefliylthiocafbamoyl- sulfenyl)hexanoic add methyl ester, 
4<retrahydrofuran-2-yhnethylthiocaibamoylsulfenyl)- butyric add; 
Cretrahydrofuran-2-yhnefliyl)dithiocarbamic add 4-oxo- pentyl ester, 
Cretrahydrofuian-2-yhnethyl)dithiocaibamic add 3-cyano- propyl ester, 
2-Amhio-3-(tetrahydrofuran-2-yhnethylthiocaibamoyl- sulfenyl)propionic acid; 
2.Amino-4<tetrahydrDfuian-2-yhnethylthiocarbamoyl- 8ulfenyl)butyric add; 
(Tetrahydrofuran-2-ylmeth34)dithiocaibamic add 3- carbamoyl-propyl ester, 
(Tetrahydrofuran-2-ylmethyl)dithiocarbamic add 3- dimeth>4carbamo)^^ 
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(Tetrahydrofi]ran-2-ylmethyl)diiliioc^ addbeaozyl ester, 
(Tetrahydrofuran-2-^eth)4)di1^ add 2,4- didiloro-benzyl ester; 

(TetrahydrofuraQ-2-ylmethyl)ditMocaibaiiiic acid phenyl ester; 
(Tetrahydrofiiran-2-ylmethyl)dithiocarbainic acid 4-chloro- phenyl ester, 
(Tetrahydiofuran-2-yhnethyl)ditMocarbaiiiic acid 2,4- difluoro-phenyl ester, 
(Tetrahydrofuran-2-yhnettiyl)dithiocaAaim acid tetrahydiothi0phen-2-3dmettiyl 
esto^ 

(Tetrahydrofuran-2-yhnethyl)dithiocarbamic acid thiophen- 2-yhnefliyl ester, 
(Tetrahydrofuran-2-ylmethyl)dithiocaibanuc acid tetrahydioihiophen-3-yhnethyl 
ester, 

(Tetrahydrofuran-2-ylniethyl)dithiocaibaimc acid thiophen- 3-yhnethyl ester, 
(Tetrahydiofuran-2-yhnethyl)dithiocaibaimc add 2,5- dichloro-thiophen-3-yhnethyl 
ester, 

(Tetrahydiofuran-2-yhneth)4)dithiocaibamic add 3,3- dimethyl-2-oxo-butyl ester, 
(Tetrahydrofuran-2-yhnethyl)difluocaibanuc acid tetrahydrofiiran-2-ylinethyl ester, 
(Tetrahydrofuran-2--ylniethyl)dithiocarbamic add furan-2- yhnethyl ester; 
(Tetrahydrofuran-2-yhnethyl)dithiocarbamic acid tetrahydiofuran-3-ybnethyl ester, 
(Tetrahydrofuran-2-ylmethyl)diflhiocaAamic acid furan-3- ylmethyl estei; 
(Tetrahydrofuian-2-ylmethyl)dithiocaibaimc add pyridin-2- ylmefliyl ester, 
(Tetrahydrofiiran-2-yhnethyl)dithiocaibamic addpyridin-3-yimefhyl estei^ 
4-((S)-Tetrahydix)fiu3n-2-ylmethyltiiiocarbamojd- sulfaayl)butyric add methyl esteR 
4-((R)-Tetrahydrofuran-2-ylniefliylthiocaibamoyl- sulfanyl)butyric acid methyl ester; 
3-CFiiran-2-itoiethylthiocaAamoyl- siilfiinyl)prqpiomc acid methyl ester, 
3-(MethyltMocaibamoylsulfanyl)piopionic acid meth:s4 estei; 

3- (Ethoxycaibonylthiocaibamoylsulfenyl) propionic acid methyl ester; 

4- (2-Methoxy-ethylthiocaibamoylsulfenyl)butyric add methyl ester, 
4-(Tetrahydrofuran-2-yknethylsulfanylllhio- carbonylainino)butyric acid ethyl ester, 
4-(Cyclohexyhnethylthiocaibamoylsulfanyl)bu^ acid methyl ester, 
4-(Benzylthiocarbamoylsulfanyl)butyric acid methyl ester, 
Methylditfaiocaibamic add methyl ester, 
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(5-ailoro-2-me5fliyl-phenyI)di1hiocarbamic add ethyl ester, 
4-[2-(lff-Ihdol-2-yl)ethylthiocaibamoyi- sulfiaiyl]butyric acidmeflijd ester, 
(2-Ammo-3-benzylthiocarbamoylsulfaiiyl)propiomc aci^ 
(3-Mefhoxybenzyl)di1hiocaibaniic acid 3,3- dimethyl-2-oxo-butyl ester, 
(Pyridm-3-yhne£b3d)di1hiocarbainic add 2,5- didiloro-1hiqpheii-3-yimethyi ester, 
Allylditiiiocaibamic add 2-ammoethyl ester hydrochloride 
(2,4-dicHorobeDzyl)dithiocart)amic add 2,4- didJorohenzyl ester, 
Phenethyldithiocarbamic add dodecyl ester, 
(3-Metboxypropyl)dithiocarbamic add 4- chloiophenyl ester, 
MethyidithiocaAamic add 2,4-difluoiophenyl ester; 
3.(5^oto-2-inethylpheaylthiocaibaaK)yl-sulfimyl)propiQm^ add methyl ester, 
3<2-Diethylamino-ethylthiocaibamoyisulfimyl)- propionic add methyl ester, 
4-(Allylthiocarbamoylsulfanyl)butyric acid methyl ester, 

4-[2-(l-Methylpyrrolidin-2-yl)ethyithiocarbamoyi- sulfenyl]butyric acid methyl ester, 

Isobutyldithiocaibamic add 2,4-didilorobenzyl ester, 
4-(Tetrahydtofuraa-3-yhnethylthiocaibamoylsulfanyl)butyric add methyl ester, 
4-(Puran-3-yhnethyKMocarbamoyisulfmyl)buty^ addmelhyi ester, 
4-(23-Dihydrobenzofuian-2-yhnelhylfldocaibamoylsulfanyl)ba^ add mefliyl 

ester, 

4-(Benzofuran-2-yhnethylthiocaibamoylsulfanyl)- butyric add methyl ester, 
4-(2,3-Dihydrobenzofuraa-3-yhnethyithiocarbamoylsulfanyl)bu^^ add methyl 

estet; 

4-(Benzofunm-3-yhnethylthiocaibamoyisalfenyl)- butyric add methyl ester, 
4-(3S,4R-Dihydroxytetrahydrofuran-2S-yhn^ylthiocaibamoylsul^ add; 

methyl estor; 

4-(3R,4R-Dihydroxytetrahydrofiiran-2R-yhnelhylthiocaibamoylsulfm add; 
methyl ester, 

4-(3R,4R-Dihydioxy-5R-mefhyltetrahydrofuran-2S-yhnelhylthiocaAamo^ 
butyric add mefliyl ester, 

4<retrahydropyran-2-ytoiethylthiocaibamoyisulfanyl)butyric acidmethjd ester, 
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4-(l-MethylpyiroUdm-2-ylmefhyltMocarbm^ acid methyl ester, 

4-(lfl'-Pyirol-2-ylmethylfhiocarbamoyl^^ acid methyl ester, 

4-<l//-PyrTol-3-ylmethyltWocaAamoyisiilfm acid methyl ester; 

4-{5-<)xo-pyrroUdin-2-ylmethyltbiocarbamoylsulfenyl)^^ acid methyl ester, 
4.(l-Me£hyl-5-oxo-pym)Udin-2-ybnelhylthiocaibamoylsul^ acid methyl 



4-(Pyridm-2-yhnethylthiocaibamoylsulfiuiyl)bi^^ add methyl ester, 
4-(l-Methylpiperidin-2-ylmefhylthiocaibamoylsulfim add methyl ester, 

4.(Pyra2dn~2-ylmethylfliiocaibamoylsulfaay add me&yl est^, 

4-5*>rimidin-2-yhnethylfhiocaibamoylsulfanyl)bu acid methyl ester, 
4-(Thiophen-2-yhnethylthiocaibamoylsulfanyl)but^ acid methyl ester, 
4<rhiophen-3-3toethylthiocaibamoylsulfim acid methyl ester, 

4-(Tetnihydrotibiophen-2-yhnethylthiocarbamoyl^ add methyl ester, 

4-(Benzo[&]thiophen-2-yhnethylthiocaibamo54sulf^ add methyl ester, and 

4-^enzo[6]thiophen-3-ylmethylthiocaibamoylsulfanyl)^^ acid methyl ester. 

39) A method of treatmg a disorder of hypeiproliferation comprising administering an 
effective amount of a JST-substituted dithiocarbamate ester, or a pharmaceutically 
acceptable salt itiereof, wherein the iST-substituted dithiocarbamate ester is defined by 
the following structure (S): 

H 

(D) 

wherein X is a heterocycle or heteroaromatic moiety; Y is CN, OR, OC(0)R, 
C(0)NR^R^ C(0)R, m}K\ or C(OXOR); n is 1, 2, 3, or 4 and m is 1, 2, 3, 4, 5, or 6. 

40) A method of treating a disorder of hyperprolifCTation comprising administering an 
effective amount of a iV-substituted dithiocarbamate ester, or a pharmaceutically 
accq)table salt thereof wherein the iV-substituted dithiocarbamate ester is defined by 
tiie following structure (11): 
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wherdn 

a) Xistetrahydiofiiian; 

b) Y is H, CN or a substituted or unsubstituted ffoap selected fiom alkyl. 
alkenyl,' alkynyi, OR. OC(0)R. C(0)NR'R\ C(0)R, NR^R^ heterocycfic, 
heteroaiyl, aryl, aralkyi, heteroi^yclylalkyl. heteioarylalkyl. alkaryi, 
alkylheterocyclic, or alkylheteroaryl; 

c) R, r' and are H or optionaUy substituted lower alkyl; and 

d) n is 0-12 and mis 1-12. 

41) A method of treating a disorder of hypetproliferation conqdsing administering an 
effective amount of a iST-substituted dithiocaibamate ester, or a pharmaceutically 
acceptable salt thereof, wherein the iV-substituted dithiocarbamate ester is defined by 
die following structure (O): 

wherehi! 

a) X is an optionally substituted 5 or 6 memberedheteiocycUcrinK 

b) Y is H or a substituted or unsubstituted group selected fiom alkyl. alkenyl, 
alkynyl. OR. CN. OC(0)R, C(0)NR>R^ C(0)R. NR^R^ heterocyclic, 
heteroaryl, aryl. aralkyi. heteiocycle-alkyl. heteroaiylalkyl. alkaryi. 
alkylheterocyclic, or alkjdheteroaryl; 

c) R is H or substituted or unsubstituted lower alkyU 

d) R* and R^ are independently H. substituted or unsubstituted alkjd. or together 
with N constitute a 3, 4. 5, 6. or 7 membered heterocycUc or heteioaramatic 
bridge, such as -(CHaV wherein m is 2, 3, 4, 5. or 6; 

e) n is 1-3; and 

f) mis 1-12. 

42) The method of claim 41 wherein: 

a) xisasubstitutedorunsubstitutedS or6memberedheterocyclicring; 

b) Yis COOR; 

c) nisl-3;and 

d) m is 1-10. preferably 1-5. 
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43) The method of claim 41 wherein: 

a) X is a sub stituted or unsubstitated 5 or 6 membered heterocyclic; 

b) YisC(0)NR^R^; 

c) and are independmtly H, substituted or unsubstitated alkyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocycKc or heteroaromatic 
bridge, such as -{CHzV wherein m is 2, 3, 4, 5, or 6; 

d) nisl-3;and 

e) mis 1-10. 

44) The method of claim 41 wherein: 

a) X is a substituted or unsubstitated 5 or 6 membered heterocyclic; 

b) YisC(0)OR; 

c) RisHorloweralkyl; 

d) nisl-3;and 

e) m is 1-10, preferably 1-5. 

45) The method of claim 41 wherein: 

a) X is a substituted or unsubstitated 5 or 6 membered heterocyclic; 

b) Yi8qO)R; 

c) R is lower alkyl, preferably mefliyl; 

d) nisl-3;and 

e) mis MO* 

46) The method of claim 41 wher^ 

a) X is an optionally substituted 5 or 6 membered heteiocyclic; 

b) Y is an optionally substituted aryl heteroaryl, or heterocyclic; 

c) nis 1-3; and 

d) mis 1-5. 

47) The method of claim 41 wherein: 

a) X is an optionally substituted 5 or 6 membered heterocyclic; 

b) Y is CN, H, NR'r', or CH(NR'r')C(0)OR; 

c) R is H or substituted or unsubstitated lower alkyl; 

d) R^ and R^ are independentiy H, substituted or unsubstituted alkyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaromatic 
bridge, such as -(CH2)m- wherein m is 2, 3, 4, 5, or 6; 

e) nis 1-3; and 

f) mis 1-5. 



SUBSTITUTE SHEET (RULE 26) 



PCTAJSOl/09037 

WO 01/79164 

89 

48) A mefliod of treating a disorder of hypeiproliferation coimHising administering an 
efective amount of a JV^substitorted difluocaibamate ester, or a phannaceuticaUy 
acceptable salt thereof y^erein the JV-substitoted dithiocarbamate ester is defined by 
the following stroctore (S): 

(TO 

wherein: 

a) X is substituted or unsubstitutedheteroaijd; 

b) Y is H, CN or a substituted or unsubstituted group selected &om alkyl. 
alkenyi, alkyn^ OR, OC(0)R. C(0)NR^R^ C(0)R, NR^R^ heterocycUc. 
heteroaryl. aryl, aralkyl. heterocyclyiaW heteioaryialkyl. alkaryl, 
alkylheterocyclic, or aDcj^eteroarjd; 

c) R is H or substituted or unsubstituted lower aBqrl; 

d) R W R^* are independently H, substituted or unsubstituted alkyl, or together 
wifli N constitute a 3. 4, 5. 6. or 7 membered heterocycUc or heteroaiomatic 
bridge, sadh as -<CH2)nr wherein m is 2, 3, 4, 5, or 6; 

e) nisO-3;and 

f) mis 1-10, 

49) The mefliod of claim 48 wherein: 

a) X is optionally substituted heteroaryl; 

b) YisC(0)OR; 

c) RisHorloweralkyU 

d) nisO-3;and 

e) m is 1-10, preferably 1-5. 

50) The method of claim 48 wherdm 

a) X is substituted or unsubstituted heteroaryU 

b) YisCOOCHs; 

c) nisO-3;and 

d) m is 1-10, preferably 1-5. 

51) The method ofclaim 48 wherein: 

a) X is substituted or unsubstituted heteroarjd; 

b) YisC(0)NR'R^ 
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c) and are independeatly H, substituted or unsubstituted alkyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered hetetocycKc or heteroaromatic 
bridge, such as -(CIHiW wherein xn is 2, 3, 4, 5, or 6; 

d) nisO-3;and 

e) m is 1-10, preferably 1-5. 

52) The method of claim 48 wherein: 

a) X is substituted or unsubstituted heteroar^ 

b) YisC(0)R; 

c) R is lower alkyl; 

d) n is 0-3; and 

e) m is 1-10. 

53) The metiiodofclaim 48 wherein: 

a) X is substituted or unsubstituted heteroarjd; 

b) Y is substituted or unsubstituted aryl, heteroaryl, or heterocyclic; 

c) n is 0-3; and 

d) mis 1-5. 

54) The method of claim 48 wherein: 

a) X is substituted or unsubstituted heteroarjd; 

b) Y is CN, H, NR'R^ or CH(NR^R')C(0)0R; 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R^ and R^ are mdependently H, substituted or unsubstituted alkyl, or togeflier 
with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaromatic 
bridge, such as -<CH2)m- wherem m is 2, 3, 4, 5, or 6; 

e) nisO-3;and 

f) m is 1-5. 

55) A method of treating a disorder of proliferation comprismg administering an effective 
amount of a iV-substituted dithiocaibamate ester, or a pharmaceutically acceptable salt 
thereof wherem tiie JST-substituted dithiocaibamate ester is defined by the foUowmg 
structure (□): 




dD 

wherem: 
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a) X is a substituted or unsubstitoted 2- or 3- benzofaran, benzofhiopheae, or 
indole; 

b) Y is H, CN or a substituted or unsubstitoted ffoxxp selected from alkyl, 
alkenyi, alkynyi, OR, OC(0)R, C(0)NR^R^ C(0)R, NR^R^ heterocycfic, 
heteroaiyi, aryl, aralkyl, heterocycycUc-alkyl, heteroaiylalkyl, alkaryi, 
alkylheterocyclic, or alkylheteroaryl; 

c) R is H or substituted or unsubstituted lower alkjd; 

d) R^ and R^ are independentiy H or substituted or unsubstituted lower alkyi; 

e) nisl-3;and 

f) mis 1-12. 

56) The meftod of claim 55 wherein: 

a) X is a substituted or unsubstituted 2- or 3- benzofuran, benzolhiqphene, or 

indole; 

b) YisC(0)OR; 

c) R is H or lower alkyl; 

d) nisl-3;and 

e) m is 1-10, preferably 1-5. 

57) The method of claim 55 wherein: 

a) X is a substituted or unsubstituted 2- or 3- benzofuran, benzothiophene, or 

mdole; 

b) YiaC(0)R; 

c) R is lower alkyl; 

d) nisl-3;and 

e) mis 1-10. 

58) The method of claim 55 wherem: 

a) X is a substituted or unsubstituted 2- or 3- benzofuran, benzofliiophene, or 

indole; 

b) Y is substituted or unsubstituted aryl, heteioaryl, or heterocycfic; 

c) nisl-3;and 

d) mis 1-5. 

59) Amethod of treating a disorder of profifcration conqprising administering an effective 
amount of a JNT-substituted dithiocaibamate ester, or a phaimaceutically acceptable salt 
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thereof, wherein the JV^substituted dithiocarbamate ester is defined by the following 
structure (n): 



wherein: 

a) X is a substituted or unsubstituted aDcyl gjcoup; 

b) Y is H, CN or a substituted or unsubstituted group selected firom alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)NR^R^ C(0)R, NR^R^ heterocycUc, 
heteroaryl, aryl, araUcyl, heterocycyclic-alkyl, heteroarylalkyl, alkaryl, 
alkylheterocyclic, or alkylheteroaryl; 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R^ and R^ are indq>endently H or substituted or unsubstituted lower alkyU 

e) nisl-3;and 

f) misl-12, 

60) A mefliod of treating a disorder of proliferation conqnising administering an effective 
amount of a JV-substituted dithiocarbamate ester, or a phannaceutically acceptable salt 
thereof wherein the iV-substituted diflriocaibamate ester is defined by the following 
structure 0^: 



wherein: 

a) X is a substituted or unsubstituted carbohydrate; 

b) Y is H, CN or a substituted or unsubstituted ffoxsp selected &om alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)NR^R^ C(0)R, NR^R^ heterocycUc, 
heteroaryl, aryl, aralkyl, heterocycyclic-alkyl, heteroaryiallgrl, alkaryl, 
alkylheterocyclic, or alkylheteroaryl; 

c) R is H or substituted or unsubstituted lower alk}d; 

d) and R^ are independently H or substituted or unsubstituted lower alkyl; 

e) n is 1-3; and 

f) mis 1-12. 




OD 




(H) 
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61) Ame1lK)doftreatmgadis(mierofim)liferati(m 

amount of aiV-substituted dittiiocaibamate ester, or aphamaceuticaUy acceptable salt 
Aereot wherem flie JV^substituted dittiiocaAamate ester is defined by the foUowing 
structure (D): 

H 

(0) 

wherein: 

a) X is substituted or unsubstituted heterocycKc, heteroaryl, heteroarylalkyl or 
heterocycKcalkyl, wherein the heterocycKc or heteroaryl binds to the molecule 
flirough a caibon in flie ring of flie heterocyclic or heteroaryl; 

b) Y is H, CN or a substituted or unsubstituted group selected ftom alkyl, 
alkenyl. alkynjd. OR, OC(0)R, C(0)NR»R^ C(0)R, NR^R^ heterocycUc. 
hetffloaiyi. arjd, aralkyl, hetetocycycUo-aDcyl, heteroarylalkyi. alkaryl. 
alkylhetfflocyclic, or alkylbeteroaryl; 

c) R is H or substituted or unsubstituted lower aHqd; 

d) R> and R^ are imiepemlentlyH or substituted or unsubstituted lower alk^ 

e) n is 1-3; and 

f) mis 1-12. 

62) The mediod of daim 61 wherein: 

a) X is substituted or unsubstituted heterocycKc, heteroaryl. heteroarylalkyl or 
heterocycKcalkyl. wherein die heterocycKc or heteroaryl bmds to the molecule 
through a caibon in the ring of flie heterocycKc or heteroaryl; 

b) YisC(0)OR; 

c) R is H or lower alkyl; 

d) n is 1-3; and 

e) mis 1-10. 

63) The method of claim 61 wherein: 

a) X is substituted or unsubstituted heterocycKc, heteroaryl, heteroarylalkyl or 
heterocycKcalkyl, wherein the heterocycKc or heteroaryl binds to the molecule 
through a carbon in tiie ring of tiie heterocycKc or heteroaryl; 

b) Y is an amino add; 

c) RisHorlowaralkjd; 
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d) nisl-3;and 

e) mis 1-10. 

64) The method of claim 61 wherein: 

a) X is substituted or uusubstituted heterocyclic, heteroaryl, heteroarjdalk^ or 
heterocyclicalk^, herein tiie heterocyclic or heteroaryl binds to flie molecule 
through a carbon in the ring* of the heterocyclic or heteroaryl; 

b) YisC(0)NR*R^ 

c) RisHorloweralkyl; 

d) nisl-3;and 

e) m is 1-10. 

65) - The mediodofclaim 61 wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylaBqd or 
heterocyclicalkyl, wherem the heterocyclic or heteroaryl binds to the molecule 
through a carbon in the ring of the heterocyclic or heteroaryl; 

b) YisC(0)I^ 

c) RisHorloworalkyl; 

d) nisl-3;and 

e) m is 1-10. 

66) The method of claim 61 wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylalkyl or 
het^cyclicalkyl, wherein the heterocyclic or heteroaryl binds to the molecule 
through a carbon in the ring of the heterocyclic or heteroaryl; 

b) Y is substituted or unsubstituted aryl, heteroaryl, or heterocyclic; 

c) RisHorloweralkyl; 
S) nisl-3;and 

e) mis 1-10. 

67) A method of treating a disorder of proliferation conqnising administering an effective 
amount of a iV-substituted ditiiiocaibamate ester, or a phannaceutically acceptable salt 
Hi&ceof, wherein the JST-substituted dithiocarbamate ester is defined by flie following 
structure (0): 




Y 



(n) 
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a) X is substituted or unsubstituted heterocyclic, hetaoatjfl, heteroaiylalkyl or 
heterocycUcalkyl, wherein the heterocycUc or heteroaiyl biiuis to tbe molecule 
through a carbon in the ring of the heterocyclic or heteroaryl; 

b) Y is CN. H, NR'r', or CH(NR'R')C(0W 

c) RisHorlowaralkyi; 

d) n is 1-3; and 

e) m is 1-10. 

68) Amethodoftreatingadisorderofi«x,liferatianconqmsmgadnri^^ 

anxomt of 4.(tetrahydiofuran-2-ylmethytthiocaAamoylsu^^ add methyl 

ester. , 

69) A method oftreating a disorder ofproliferationcomimsing administer 

amount of i^-substituted dithiocarbamate ester selected fiom: 
(Tetrahydrofuran-2-ylmethyl)dithiocarbamic acidmethyl ester, 
(retrahydrofuran-2-ylmethyltbiocaibamo5dsulfanyl) acetic acidmethyl ester, 
3<retrahydrofuran-2-yhnelhyl1hiocaibamoylsulfenyl)- propionic acidmethyl ester. 
4^etrahydrofinan-2-yhnethylthiocaibamoylsulfimyi)-butyric^^ 
6.Cretrahydroferan.2.ytoethylthiocaibamoyi- sulfinj^heKanoic add methyl ester. 
4<retndiydrofuran-2-ylmethyl1hiocaibamoylsulfimyl>butyri 
(Tetrahydrofuran-2-yhnethyl)dithiocaibamic add4K)X0-peiityl ester, 
Cretrahydrofuran-2-yhnethyl)difhiocarbamic add 3-cyano- propyl ester, 
2.Amino.3<tetrahydrofuran-2-yhneth^thiocaibamoyl- sulfenyl)pn>piomc ad^ 
2.Amino-4<tetcahydro&ran-2-yhnefliyl1hiocarbamoyl- sulfanyl)butyiic add; 
Cretrahydiofuran-2-yhnethyl)di1hiocarbamic add 3- carbamoyl-propyl ester, 
Cretrahydrofuran-2-yhnethyl)di&iocaAamic add 3- dimethylcarbamoyl-propyl ester, 
(retrahydrofuran-2-yhnethyl)ditbiocaibamic addbenzyl ester, 
(Tetrahydrofuran-2-yhnethyl)dithiocaibamic add 2.4- dichloro-benzyl ester; 
(Tetrahydrofuran-2-ytaie£hyl)dithiocaibamic add phenyl ester. 
Creliahydrofuran-2-yhnefliyl)dithiocarbamic add 4-dilQro- phenyl ester, 
(retrahydiofuran-2-ytaiethyl)dithiocarbamic add 2,4- difluoro-phenyl ester. 
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(Tetrahydrofuran-2-ylmeth)d)dith^^ acid tetrahydio1iiiophen-2-ylmethyl 

ester, 

(Tetrahydrofuran-2-ylmethyl)dith^ add thiophen* 2-ylmefliyl esteR 

(Teti^ydrofuran-2-ytoethyl)dithiocaitaim add tetrahydrothiophen-3-ylinefhyi 
estei; 

(Tetrahy(fro£uran-2-ylmethyl)dithiocaibam acid thiophm- 3-ylmethyl ester; 
(Tetrahydro£uran-2-ylmethyl)difluocaA add 2,5- dichloro-thiophea-3-ylmethyl 
ester; 

(Tetrahydiofuran-2-y]methyl)diflriocaibaim add 3,3- dime1iiyl-2-oxo-birtyi ester, 
(Tetrahydroiuran-2-ylmethyl)difl3iocaibaimc add tetrahydrofuran-2-ylmethyl ester; 
(Tetrahydtofiu:an-2-ylmethyl)ditMocaibainic acid furan-2- ylmethyl ester, 
(Tetrahydiofiiran-2-ylme%l)dithiocarbanuc add tetrahydrofin:an-3-ylinethyl ester, 
(Tetrahydio£uran-2-ylmethyl)dithiocaAanuc add furan-3-ylniethyl ester, 
(Tetrahydro£tiran-2-ylmethyl)ditiiiocai*^ addpyridin-2-ylmethyl ester, 
(Tetrahydrofuran-2-yImethyl)dithiocaitamic acid pyridin-3-ylinethyl ester, 
4-((S)-Tetrahydrofiiran-2-ylmethyltMocaibamoyl- sulfanyl)biityric acid methyl ester, 
4-(^>Tetrahydrofuian-2-ylmethylthiocaibam sulfanyl)butyric acid methyl ester, 
3-(Furan-2-ylmethylthiocarbamoyl- sulfeiiyl)pnq>ionic add methyl ester; 
3-(Mefhylthiocaibamoylsulfimyl)propiomc acid mefliyl ester; 

3- (EthoxycaibonylthiocarbamoyIsulfanyl) propionic add methyl est^, 

4- (2-Methoxy-ethylthiocarbamoylsulfanyl)butyric acid methyl ester, 
4-(Tetrahydro£uran-2-yhnethylsulfanyllthio- caiboiiylamiiio)butyric acid ethyl ester; 
4-(Cyclohexyhnethylftiocaibamoyisulfimyl)^^ add methyl ester, 
4-(Beiizylthiocaibamoylsulfimyl)butyric add methyl ester; 
Methyldifhiocarbamic acid methyl ester, 
(5-Chloro-2-mefliyl-phenyl)dithiocaibamic add ethyl ester, 
4-[2-(lH-Ihdol-2-yl)ethylthiocarbamoyi-sulfanyl]bu^ acid methyl ester; 
(2-Aimno-3-benzyl1hiocaibamoylsiilfimyl)propi(^^ 
(3-Mefhoxybenzyl)dithiocarbamic acid 3,3-dunethyl-2-oxo-butyl ester; 
(Pyridin-3-yhnethyl)dithiocaibamic acid 2,5-dichloro-thiopheii-3-ylmethyl ester. 
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AUyldithiocarbamic add 2-ainmoefliyl ester hydrochloride; 
(2,4-dichlorobeQzyl)ditiiiocaibamc add 2,4-didilorobenzyl ester, 
Phenethyidithiocarbamic add dodecyl ester, 
(3-MelJioxypropyl)dithiocaibamic acid 4-chloropheayl ester, 
Methjidflhiocaibainic add 2,4-difliioiophen5d ester, 

3<5-CMoio-2-methylphenyllMocarbanu>yl.sulfanyi)piopio^^ add methyl ester. 
3<2-IMethylainino-etMtt«iocaibamoylsulMy]>piopionic addmethyi ester, 

4.(AUyltbiocarbamoylsulfanyl)butyric add methyl ester, 
4-[2Kl-MethylpynoUdin-2-yl)ethylthiocaibamoyl-sulfanyl]b^ addmethyi . 

IsobutyidilMocafbamic add 2.4-dichlorobenzyl ester, 
4<retrahydrofuran-3-yhnelhylthiocaAamoylsulfimyl)but^^ addmethyi ester. 
4-(Furan-3-yhnelhyldiiocaibamoylsulfenyl)butyric add mefliyl ester, 
M2.3mydrobenzofuran-2-ylmelhyltMocarbamoylsulfimyi)bu^^ add methyl 

ester, 

4^eim)furan-2-yhnethylthiocaibamoylsulfenyl)- butyric 

4<2.3mydiobenzofiKan-3-yhnethyltbiocaibamoylsulfa^ add mefli^ 



4^enzofuran-3-yhnethylthiocarbamoylsulfiinyl)-biJtyric add methyl ester, 
4K3S,4Rmydroxytetrahydrofaran-2S-yhnethylflriocaibamoyl^ add; 

methyl ester; 

4<3R,4R-Daydroxytetrahydro&raa.2R-yhne%lthiocaibamoylsu^ add; 

methyl ester; 

4.(3R,4R-Dihydroxy-5R m6thyltetrahydrofum-2S.ylmethylthiocaibamoyl8ulfenyl)- 
butyric acid methyl ester, 

4<reliahydropyran-2-ylmetliylthiocaibamoylsulfenyl)butyric addmethyi ester, 
4<l-Mefhy^ynoUdin-2-yhnethyitMocafbamoylsulfimyl)butyric add methyl ester, 
4-(lH-Pynol-2-yhnelhyMhiocaibamoylsulfimyl)butyric addmethyi ester, 
4-(m-Pyirol-3-yhnelhylthiocaibamoyi8ulfimyl)bTityric addmethyi ester, 
4<5-Oxo-pynofidin-2-ylmefliylthiocarbamoylsulfinyl)butyric add methyl ester. 
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4-(l-Methyl-5-oxo-pynoKdm-2-ylmethyltlu acid methyl 

esten 

4-(Pyridin-2-ylme1hylt]uocaibam6ylsul^ add melhyl ester; 

4-(l-Methylpiperidin-2-ylmethylthiocaibamoylsu^^ acid meihyl ester; 

4-(Pyrazin-2-ylmetiiylthiocaAamoylsiilfanyl)but^ acidmefliyl ester, 
4-CPyriimdin-2-ylmethylthiocaibamoylsutf^ acid methyl ester; 

4-{IluopheiL-2-yImetfaylthiocaibamoyls^ acid metibiyl ester, 

4<nuophen-3-yhnefhylthiocaibamoylsidfeiiyi)butyric acid methyl ester, 
4<retrahydiothiophen-2-ylmetbylfhiocaibamoylsulf^ acid methyl ester; 

4-(Beiizo[6]fhiophen-2-yhBethylthiocarbamoylsiilfe^ acid methyl ester; and 

4-(Benzo[&]thiophen-3-ylmethylthiocarbamoylsulfanyl)but^ acidmetibiyl ester. 

70) A method of treating a VCAM-1 mediated condition conqnising administering an 
effective amount of a iST-substituted dithiocarbamate ester, or a phannaceutically 
acceptable salt thereof, wherein tihe iST-substituted dithiocarbamate ester is defined by 
the following structure (D): 

^^^/.^^^ 

(H) 

wherein X is a heterocycle or heteroaromatic moiety; Y is CN, OR, OC(0)R, 
C(0)NR^R^ C(0)R, NR^R^ or C(0)(OR); n is 1, 2, 3, or 4 and m is 1, 2, 3, 4, 5, or 6. 

71) A method of treating a VCAM-1 mediated condition comprising administering an 
effective amount of a JV-substituted dithiocarbamate esto-, or a phannaceutically 
acceptable salt thereof wherem the J\^-substituted dithiocaibamate ester is defined by 
the following structure (II): 




wherein 

a) X is tetrahydrofuran; 

b) Y is H, CN or a substituted or unsubstituted group selected firom alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)^iR^R^ C(0)R, NR^R^ heterocycUc, 
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heteroar^ aiyl, aialM. hetetocyclylalkyJ. heteroaiylalkjd. alkaryl. 
aUiylhetcrocycKc, or allq'Qieteroaijd; 

c) R, rWR? are H or optionaUy substituted lower alkyU and 

d) n is 0-12 and m is 1-12. 

72) A method of treating a VCAM-1 mediated condition conqmsing administering an 
effective amount of a J\^substitated dithiocaibamate ester, or a phamiaceutically 
acceptable salt thereof wherein the JNT-substituted diftiocaibamate ester is defined by 
the following structure (E): 

H 

(H) 

wherein: 

a) X is an optionally substituted 5 or 6 memberedheterocycUc ring 

b) Y is H or a substituted or unsubstituted group selected fiom alkyl, alkenyl, 
alkynyl. OR. CN. OC(0)R, C(0)NR'R^ C(0)R, NR^R^ heterocyclic, 
heteroaryi. aryl. awDcyl. heterocycle-alkyl, heteroaiyhdkyl. alkaiyl, 
alkylhetetocycUc, or alkylheteroaryU 

c) R is Hot substituted or unsubstituted lower allqd; 

d) R' and R^* are independently H. substituted or unsubstituted alkji or togeflier 
with N constitute a 3. 4, 5, 6, or 7 membered hetetocyclic or heteroaiomatic 
bridge, such as -(CH2)in- wherem m is 2, 3, 4, 5, or 6; 

e) n is 1-3; and 

f) mis 1-12. 

73) The method ofclaim 72 herein: 

a) X is a substituted or unsubstituted 5 or 6 membered hetetocycHc ring; 

b) Yis COOR; 

c) n is 1-3; and 

d) m is 1-10, preferably 1-5. 

74) The method of claim 72 wherein: 

a) X is a substituted or unsubstituted 5 or 6 memberedheterocycUc; 

b) YisC(0)NR^R^; 
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c) and are independently H, substituted or unsubstituted alkyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaiomatic 
bridge, such as -(CHiV wherein m is 2, 3, 4, 5, or 6; 

d) n is 1-3; and 

e) mis 1-10. 

75) The mefliod of claim 72 wherein: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocyclic; . 

b) YisC(0)OR; 

c) RisHorloweralkyl; 

d) n is 1-3; and 

e) m is 1-10, preferably 1-5. 

76) The method ofclaim 72 wherein: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocyclic; 

b) YisC(0)R; 

c) R is lower alkyl, preferably methyl; 

d) nisl-3;and 

e) m is 1-10. 

77) The method ofclaim 72 wherein: 

a) X is an optionally substituted 5 or 6 membered heterocyclic; 

b) Y is an optionally substituted aryljheteroaryl, or heterocyclic; 

c) nisl73;and 

d) m is 1-5. 

78) The method ofclaim 72 whmin: 

a) X is an optionally substituted 5 or 6 membered heterocyclic; 

b) Y is CN, H, m}R\ or CH(NR^R^)C(0)OR; 

c) R is H or sub stituted or unsubstituted lower aHqd; 

d) R* and R^ are indqpeadenfly H, substituted or unsubstituted alkjrfi, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaromatic 
bridge, such as -(CH2)in- wherem m is 2, 3, 4, 5, or 6; 

e) n is 1-3; and 

f) mis 1-5. 

79) A method of treating a VCAM-1 mediated condition comprismg admmistering an 
effective amount of a //-substituted dithiocaibamate ester, or a pharmaceutically 
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acceptable salt thereof wherein the J^-substituted dithiocaAamate ester is defined by 
the following structure (II): 



a) X is substituted OTimsubstitutedheteioaryl; 

b) Y is H, CN or a substituted or unsubstituted group selected from alkyl, 
alkenyl. alkynyl. OR. OC(0)R. C(0)NR^R^ C(0)R, NR^R^ heterocycUc, 
heteroaryi. aryl. aralk^ heterocydylalkyl. heteioarylalkyl, alkaryl, 
allq^eterocyclic, or alkylheteroaryl; 

c) R is H or substituted ortmsubstituted lower aDqd; 

d) and r2 are indepeadenflyH. substituted or unsubstituted alkyl, or toge&er 
with N constitute a 3. 4. 5, 6, or 7 membered heterocyclic or heteroaiomatic 

bridge, such as-CCHaW wherein m is 2, 3, 4, 5, or 6; 

e) nis0-3;and 
£) ni is 1-10. 

80) ThemettiodofclaimVP^OTBni: 

a) X is optionally substituted heteroaryi; 

b) YisC(0)OR; 

c) RisHorlowOTallqrl; 

d) n is 0-3; and 

e) m is 1-10, prefraably 1-5. 

81) The method of claim 79 whiarein: 

a) X is substituted or unsubstituted hetaoary^ 

b) YisCOOCHa; 

c) n is 0-3; and 

d) m is 1-10, preferably 1-5. 

82) The method of claim 79 wherein: 

a) X is substituted or unsubstituted heteroaryi; 

b) YisC(0)NR^R^ 
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c) and aie indepoideiitly H, substituted or unsubstituted alkyi, or together 
with N constitute a 3, 4, 5, 6, or 7 metnbered heterocycKc or heteroaromatic 
bridge, sudi as -(CHiW wherein m is 2, 3, 4, 5, or 6; 

d) nis0-3;and 

e) m is 1-10, pie&rably 1-5. 

83) The method ofclaim 79 wherein: 

a) X is substituted or unsubstituted heteroar^ 

b) YisC(0)R; 

c) Rislowearalkyl; 

d) nis0-3;and 

e) mis 1-10. 

84) The method ofclaim 79 wherein: 

a) X is substituted or unsubstituted heteroar)d; 

b) Y is substituted or unsubstituted aryl, heteroaryl, or heterocycUc; 

c) n is 0-3; and 

d) m is 1-5. 

85) The method of claim 79 wherein: 

a) X is substituted or unsubstituted heteroaryl; 

b) YisCN,H,^IR^R^orCH(NR^R^)C(0)OR; 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R^ and R^ are mdependently H, substituted or unsubstituted alkyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaromatic 
bridge, such as -(CHaha' wherein m is 2, 3, 4, 5, or 6; 

e) nis0-3;and 

f) m is 1-5. 

86) A mefliod of treatmg a VCAM-1 mediated condition comprising administering an 
effective amount of a ^^-substituted difliiocarbamate ester, or a phannaceutically 
acceptable salt thereoi^ wherein the //-substituted dithiocarbamate ester is defined by 
die following structure 00): 




H 



(0) 



wherdn: 
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a) X is a substituted or imsiibstituted 2- or 3- benzofiitan, benzottriopheiie, or 
indole; 

b) Y is H, CN or a substituted or unsubstituted group selected from alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)NR^R^ C(0)R, NR^R^ heterocycUc, 
heteroaryl, aryl, aralkyl, heteiocycyclic-alkyl, heteroarylalkyl. alkaryl. 
alkylheterocyclic, or alkylheteroarji; 

c) R is H or sub stitttted or unsubstituted lower alkyi; 

d) R' andR' areindependenUyHorsubstitutedorunsubstitutedl^^^ 

e) n is 1-3; and 

f) mis 1-12. 

87) The method of claim 86 wherein: 

a) X is a substituted or unsubstituted 2- or 3- benzo&ran. benzothiophene, or 

indole; 

b) YisC(0)OR; 

c) R is H or lower alkyl; 

d) nisl-3;and 

e) m is 1-10, preferably 1-5. 
88) The method ofclaim 86 wherein: 

a) X is a substituted or unsubstituted 2- or 3- benzofuran, benzothiophene, or 

indole; 

b) YisC(0)R; 

c) R is lower alkyl; 

d) n is 1-3; and 

e) mis 1-10. 

89) The method of claim 86 wherein: 

a) X is a substituted or unsubstituted 2- or 3- benzofuran, benzothiophene, or 

indole; 

b) Y is substituted or unsubstituted aiyi, heteroaryl, or heterocycUc; 

c) nisl-3;and 

d) mis 1-5. 

90) A method of treating a VCAM-1 mediated condition con^rising administering an 
effective amount of a iV-substituted dilhiocaibamate ester, or a phaimaceuticaliy 
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acceptable salt thereoi^ wherein the JST-substituted dithiocaibamate ester is defined by 
the foUowing structure (D): 



wherein: 

a) X is a substituted or unsubstitutedalkylgroi?); 

b) Y is H, CN or a substituted or unsubstituted group selected fi-om alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)^IR^R^ C(0)R, NR^R^ heterocyclic, 
heteroarjd, aryl, aialkyl, heterocycyclic-alkyl, heteroarylalkyl, alkaiyl, 
alkylheterocyclic, or alkylheteroaryl; 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R^ and R^ are independently H or substituted or unsubstituted lower alkyl; 

e) nisl-3;and 

f) mis 1-12. 

91) A method of ti^ating a VCAM-1 mediated condition comprising administering an 
effective amount of a J^-substituted dithiocaibamate ester, or a phannaceutically 
acceptable salt thereoi^ wherein tiie //-substituted ditiuocaibamate ester is defined by 
the following structure (H): 



wherdn: 

a) X is a substituted or unsubstituted carbohydrate; 

b) Y is H, CN or a substituted or unsubstituted group selected firom alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)NR*R^ C(0)R, NR^R^ heterocyclic, 
heteroaryl, aryl, aralkyl, hetorocycyclic-alkyl, heteroarylalkyl, alkaryl, 
alkylheterocyclic, or alkylheteroaryl; 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R^ and R^ are independently H or substituted or unsubstituted lower alkylt 

e) n is 1-3; and 

f) misM2. 




(D) 



S 




(n) 
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92) A mefliod of treating a VCAM-1 mediated condition con^prising administering an 
effective amount of a JV-substituted diflriocaAamate ester, or a phaimaceutically 
acceptable salt thereof wherdn the JV-substitated dithiocafbamate ester is defined by 
tiie following structure (□): 



(TO 

wherdn: 

a) X is substituted or unsubstituted heteiocycKc, heteroaryl. heteroarylalkyl or 
heterocycUcalkyl, wherein the heterocycUc or heteroaryl binds to the molecule 
tbiough a carbon in the ring of the heterocyclic or heteroaryl; 

b) Y is H, CN or a substituted or unsubstituted group selected torn alkyl, 
alkenyi. alkynyl, OR, OC(0)R. C(0)m^R^ C(0)R, NR^R^ heterocycUc. 
heteroaryl, arjd, aralkyl, heterocycycHcalkyl, heteroarylalkyl, alkaryl, 
aBcylheterocyclic, or alkylheteroaryl; 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R» andR^* areindependeotlyHorsubstitutedorunsubstitutedlower alkyi; 

e) nisl-3;and 

f) mis 1-12. 

93) The mefliod ofchrim 92 wherdn; 

a) X is substituted or unsubstituted heterocycUc, heteroaryl, heteroarylalkyl or 
heterocycUcalkyl. wherdn the heterocycUc or heteroaryl binds to the molecule 
through a carbon in the ring of the heterocycUc or heteroaryl; 

b) YisC(0)OR; 

c) R is H or lower alkyl; 

d) n is 1-3; and 

e) mis 1-10. 

94) The method of claim 92 wherein: 

a) X is substituted or unsubstituted heterocycUc, heteroaryl, heteroarylalkyl or 
heterocycUcalkyl, wherein the heterocycUc or heteroaryl binds to the molecule 
through a carbon in the ring of the heterocycUc or heteroaryl; 

b) Y is an amino add; 

c) RisHorloweraUsyl; 
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d) n is 1-3; and 

e) m is 1-10. 

95) The method of claim 92 wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylalkyl or 
heterocyclicalkyl, wherein fhe heterocyclic or heteroaryl binds to the molecule 
tibrough a carbon in the ring of the heterocyctic or heteroaryl; 

b) YisC(0)NR^R^ 

c) RisHorloweralkyl; 

d) nisl-3;and 

e) mis 1-10. 

96) The mefliod of claim 92 wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylalkyi or 
hetero'cyclicalkyl, wherein the heterocyclic or heteroaryl binds to fhe molecule 
through a carbon in the ring of the heterocyclic or heteroaryl; 

b) YisC(0)R; 

c) R is H or lower alkyl; 

d) n is 1-3; and 

e) mis 1-10. 

97) The method of claim 92 wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylalkyl or 
heterocyclicalkyl, wherein fhe heterocyclic or heteroaryl binds to the molecule 
throng a carbon in fhe ring of the heterocyclic or heteroaryl; 

b) Y is substituted or unsubstituted aryl, heteroaryl, or heterocyclic; 

c) RisHorloweralkyl; 

d) nisl-3;and 

e) m is 1-10. 

98) A method of treating a VCAM-1 mediated condition comprising administering an 
effective amount of a JV^substituted difhiocarbamate ester, or a phaimaceutically 
acceptable salt thereof wherem the iV^substituted dithiocarbamate ester is defined by 
fhe following structure (II): 




(D) 
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a) X is substituted or unsiibstituted heterocycfic, heteroaryi. heteroarylalkyl or 
heterocycUcaDcyl, wherein flie heterocycHc or heteroaryi binds to the molecule 
through a carbon in the ring of the heterocyclic or heteroaryi; 

b) YisCN,H,NR^R^orC3a(NR^R^)C(0)OR; 

c) R is Hot lower alkyl; 

d) nisl-3;and 

e) mis 1-10. 

99) A method of treating a VCAM-1 mediated condition conqjrismg administermg an 
efifective amount of 4-(tetrahydrofta:an-2-yhnethylthiocarbamoylsulfimyl)-bu^ add 

methyl ester. 

100) A method of treating a VCAM-1 mediated condition con^nismg administering an 
effective amount of iV^substituted difliiocatbamate ester selected fiom: 
(Tetrahydrofuran-2-yhnethyl)dilhiocaibamic acid methyl ester, 
Creteahydrofuran-2-yhnelhyithiocaibamoj4sulfanyi) acetic acid methyl ester, 

3- (Tetrahydrofurai^-2-yhnethylthiocaibamo^sulfenyi)- propionic add methyl ester, 

4- Cretrahydro&ran-2-ytoiefliylthiocarbamoylsulfiinyl)- butyric add methyl ester, 
6-(Tetrahydrx)&nm-2.yhnefliylthiocarbamoyl- sulfim3d)hexanoic add methyl ester, 
4-Cretrahydiofuran-2-yhnethyl1hiocaibamoy!sul6myl> butyric add; 
(Tetrahydrofiiran-2-yhnethyl)dithiocafbamic acid 4-oxo- pentyl ester, 
(Tetrahydrofijran-2-yhnefliyl)dilhiocaibamic acid 3-cyano- propyl ester, 
2-Amino-3-(tetrahydrofnran-2-ytaiethyl1iiiocaibamo5d- sulfinyl)propiomc add; 
2-Amino-4-(tetr!diydrofuran-2-5imethylthiocarbamo)d- sulfinyl)butyric add; 
(Tetrahydrofuran-2-yhnethyl)difliiocarbamic add 3- carbamoyl-propyl ester. 
(Tetrahydrofuran-2-yhnethyl)dithiocarbamic acid 3- dhnethylcarbamoyl-propyl ester, 
(Tetrahydro£uran-2-yhnethyl)ditiiiocarbamic acid benzyl ester, 
(Tetrahydrofuran-2-yhneth3^tiiiocarbamic add 2,4- dichloro-benzyl ester, 
(Tetrahydrofuran-2-yhnethyl)ditiiiocarbamic add phenyl ester, 
(Tetrahydro£uran-2-yhnethyl)ditiiiocaAamic add 4-chloro- phenyl ester, 

(retrahydio£uran-2-yhnethyl)dithiocarbaniic add 2,4- difluoro-phenyl ester. 
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(Tetrahydrofuran-2-ylmethyl)di^^ add tetiahydrotbioplien-2-ylinethyl 

ester; 

(Tetrahydiofuran-2-ylmethyl)ditMoc^ acid thiophen- 2-ylmefliyl ester, 
(Teti^ydiofuran-2-ylmettiyl)dilWoc^ acid tetrahydrofluopheii-3-ylmefhyl 

ester, 

(Tetrahydrofbran-2-ylmethyl)dithiocarbaiiiic acid tbiophen- 3-ylinethyl ester; 
(Tetrahydiofuran-2-ylmethyl)dilWocarbam acid 2,5- dichloro-thiophea-3-ylmethyl 
ester; 

(Tetrahydiofuraa-2-ylmethyl)ditMocaibamic add 3,3- dimefhyl-2-oxo-butyl ester, 
(Tetrahydrofuran-2-ylmethyl)dithiocaitaim addtetrahydrofi3ran-2-^efhyl ester, 
(Tetrahydiofiiran-2-ylmethyl)dithiocarbamic acid furan-2- ylmethyl ester, 
(Tetrahydiofiiran-2-ylmethyl)dithiocaibamic acid tetrahydrofuran-3-ylmethyl ester, 
(Tetrahydiofuran-2-yhnethyl)dithiocaibamic add £uran-3- ylmethyl ester; 
(Tetrdiydix)furan-2-ylmethyl)dithiocaibarnic add pyiidin-2- ylmethyl ester, 
(Tetrahydiofuran-2-ylmethyl)di1hiocaibamic addpyridin-3-yhnefhyl ester, 
4-((S)-Tetrahydrofura2i-2-ylmethylthiocarbamoyl- suianyl)butyric acidmethjd ester, 
4-((R)-Tetrahydrofuian-2-ylmethylthiocarbamoyl- sulfanyl)butyric acid methyl ester; 
3-(Fiiian-2-yhnefliylfhiocarbamoyl- sulfen3d)propiomc add methyl ester, 
3-(Methylthiocaibamoylsulfimyl)piopiomc add methyl ester, 

3- (Ethoxycaibonylthiocarbamoylsulfenyl) propionic add methyl ester; 

4- (2-Methoxy-ethylthiocaibamoylsulfanyl)butyric add methyl ester, 
4-(Tetrahydiofuran-2-ylmethylsulfenyllthio- carbonylamino)butyric acid ethyl estei^ 
4-(Cyclohejiyhnethylfliiocarbamoylsulfimyl)butyric acid methyl ester, 
4-(Benzylthiocarbamoylsul&n}d)butync add methyl ester; 
Methyldifhiocarbamic add me&yl ester, 
(5-Chloro-2-methyl-phenyl)dithiocarbamic acid ethyl ester, 
4-[2-(lfHhdol-2-yl)ethylthiocarbamoyl- sulfanyl]butyric acid methyl ester, 
(2-Amino-3-benzylthiocarbamoylsulfanyl)pro^^ add; 
(3-Methoxybenzyl)dithiocarbamic add 3,3- dimefhyl-2-oxo-butyi ester, 
(Pyridin-3-yhnethyl)dithiocarbanaic add 2,5- dichloro-thiophen-S-ylmethyl ester. 
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AllylditbiocaAanric add 2-aimnoelhyl ester h)«JrocWOT 
(2,4-diclilorobeiizyl)dithiocaibamic add 2,4- diddoiobenzyl ester, 
Phenefliyldithiocarbamic add dodecyl ester, 
(3-Meflioxypiopyl)dithiocaibaimc add 4- chlorophenjd ester, 
Methyldilhiocaibainic add 2,4-difliiorophenyl ester, 
3<5-CMoro-2-mefliylphenyllJuocaAamo)d-siafinyl)^ acid mefeyl ester; 
3<2-Diethylatnino-ethyl1hiocaibamoyisulfenyl)- propionic add mefliyl ester, 
4-(Allylthiocaibamoylsulfanyl)b\xtyric add mefliyl estar; 

4-[2-(l-MethylpynoUdiii-2-yl)ethyi1hiocaibamoyl- sulfenyi]butyric add mefliyl ester, 

Isobutyldithiocaibamic add 2,4-dichlorobenzyl ester, 
4.Cretrdiydrofuxan-3-y]methylfluocaibamoylsulfenyl)butyric add mefliyl ester, 

4.(Fuian-3-ylmethylfliiocaibamoylsulfimy])butyric add mefliyl ester, 
4-(2,3-Dihydrobenzofuran-2-ylmethylfliiocaibamDylsulMyl)bu^^ add mefliyl 

ester, 

4<Benzofuiaii-2-ylmethyl1i)iocaibamoylsulfeiiyl)- butyric add mefliyl ester. 
4K2,3-Dihydrobenzo&ran-3-ylmefliylfluocaibamoylsultoyl)bu^^ add mefliyl 

ester, 

4.(Benzofuran-3-ylmefliylfliiocaibamoylsulMyl)- butyric add mefli^ 
4.(3S.4Rmydroxyteliahydrofiiran.2S-ytaefliylfluocaAamoylsu^ acid; 

mefliyl ester, 

4<3R.4R-Dihydroxytetrahydrofuraii-2R-ylmefliylflnocaibamoyM^ add; 

methyl ester; 

4.(3R,4R.Dihydroxy.5R mefliyltetrahydrofuran-2S-ylmefliylfliiocaibamoylsulfim3«^ 
butyric acid mefliyl ester, 

4<retrahydropyran-2-y]mefliyl1iuocaibamoylsulfanyl)butyric add mefliyl ester, 
4<l.Mefliylpyrrofidin.2-ylmefliyifl)iocaibamoylsulfanyi)butyric add mefliyl ester, 
4-(Lff-Pynol-2-ylmeftiylfliiocaibamoylsulfiBiy])butyric add mefliyl ester, 
4<lH-PyiTol-3-ylmefliylfl3iocaibamoylsulftayi)butyric addmefliyi ester, 
4K5^o-pynoUdin-2-ylmefliyltiiiocaibamoylsulfanyl)butyric addmefliyi ester. 
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4-(l-Methyl-5-oxo-pynroK<im-2-ylmettiyl^ acid methjd 

4-CP5ddm-2-yImethylthiocaibamoylsulf^ acid methyl ester, 

4-(l-Methylpiperidin-2-ylmefliylfluocaAamoylsul^ arid methyl ester, 

4-(Pyrazin-2-ylmethylthiocaibamoylsulfanyl)butyric acid methyl ester, 
4-(Pyrimidin-2-ylmethylthiocarbamoylsulfan^ add methyl ester, 

4-(Thiophen-2-}dmethylthiocaii>amoylsulfan^ add methyl ester; 

4-(ThiophenO-}dmeflxylthioca]tamoylsulfimyl)buty^ add meOiyl ester, 
4-(Tetrahydrothiophen-2-ylmethylthiocaibamoylsulf£^ add methyl ester, 

4-(Benzo[&]thiophen-2-yhnethylthiocarbamoylsulfanyl^^^ add methyl ester, and 
4-(Benzo[fr]thiophen-3-yhnethylthic)carbamoylsulf^ acid methyl ester. 

101) A method of treating a disorder of proliferation conqmsing administering an effective 
amoimt of a JV^substituted difhiocaibamate ester, or a phannaceutically acceptable salt 
thereof wherein the JST-substituted dithiocaibamate ester is defined by the following 
stmctureCn): 



wherein X is a heterocycle or heteroaromatic moiety, Y is CN, OR, OC(0)R, 
C(0)NR^R\ C(0)R, m}R\ or C(0)(OR); n is 1, 2, 3, or 4 and m is 1, 2, 3, 4, 5, or 6. 
102) A pharmaceutical composition comprising a JV-substituted dithiocaibamate ester, or a 



wherein 

a) X is tetrahydrofuran; 

b) Y is H, CN or a substituted or unsubstituted group selected from alkyl. 




(n) 




(ID 



alkenyl, alkynyl, OR, OC(0)R, C(0)NR^R^ C(0)R, NR*R^ heterocycUc, 
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heteroaryi, aryl, aialkyl. heterocyclylalkyl. heteroaryialkyl. alkaryl, 
aDq^eterocyclic, or alkylhetox)aiyl; 

c) R, andR* aieH or optionaUy substituted lower alkjd; and 

d) nis 0-12 and mis 1-12. 

103) AphannaceuticdconqwsitioncomimsingaJV^substitutedfi^ 

pharmaceutically acceptable salt fbeieof, wherein its iV-substituted diflriocaibamate 
ester is defined by ilie following structure (U): 

whoein: 

a) X is an optionally substituted 5 or 6 membered heterocycfic ring 

b) Y is H or a substituted or unsubstituted group selected fix)m alkyl, alkenyl. 
alkynyl, OR. CN, OC(0)R. CXO)NR^R^ C(0)R. NR'R'. heterocycUc. 
heteroaryl, aiyl. aralkyl, heterocycle-alkyl, heteroarylalkyi. alkaryl, 
aDq^heterocyclic, or aUcylheteroaryt 

c) R is H or substituted or unsubstituted lower alky^ 

d) R* and R^ are independently H, substituted or unsubstituted alkyl, or togeflier 
witii N constitute a 3, 4, 5, 6, or 7 membered heterocycUc or heteroaiomatic 
bridge, such as -(CHjiV wherein m is 2, 3, 4, 5, or 6; 

e) n is 1-3; and 

f) mis 1-12. 

104) The phannaceuticalcomp>sition of claim 103 wherran: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocycUc ring 

b) Yis COOR; 

c) nis 1-3; and 

m is 1-10, preferably 1-5. 

105) The pharmaceutical composition of claim 103 wherein: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocycUc; 

b) YisC(0)NR^R^ 

c) rW R^ are independenfly H. substituted or unsubstituted alkyl, or together 
witii N constitute a 3, 4, 5, 6, or 7 membered heterocycUc or heteroaromatic 
bridge, such as -{CH^nr wherein m is 2, 3, 4, 5, or 6; 
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d) nisl-3;and 

e) mis 1-10. 

106) The pharmaceutical composition of claim 103 wherein: 

a) X is a substituted or unsiibstituted 5 or 6 membered heterocyclic; 

b) YisC(0)OR; 

c) RisHorloweralkyl; 

d) nisl-3;and 

e) m is 1-10, preferably 1-5. 

107) The pharmaceutical composition of claim 103 wherdn: 

a) X is a substituted or unsubstituted 5 or 6 membered heterocyclic; 

b) YisC(0)R; 

c) R is lower alkyl, preferably methyl; 

d) n is 1-3; and 

e) mis 1-10, 

108) The pharmaceutical composition of claim 103 wherem: 

a) X is an optionally substituted 5 or 6 membered heterocyclic; 

b) Y is an optionally substituted aryl, heteroaryl, or heterocyclic; 

c) nisl-3;and 

d) mis 1-5. 

109) The pharmaceutical composition of claim 103 wherein: 

a) X is an optionally substituted 5 or 6 membered heterocyclic; 

b) Y is CN, H, or CH(NR^R^C(0)OR; 

c) R is H or substituted or unsubstituted lower alkjd; 

d) R^ and R^ are independenfly H, substituted or unsubstituted alkyl, or together 
wittiN constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroacomatic 
bridge, such as -(CH2)nr wherein m is 2, 3, 4, 5, or 6; 

e) nisl-3;and 

f) mis 1-5. 
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110) A phaimaceutical compositioii con^jrising a JST-substituted dithiocaAamate ester, or a 
phaimaceutically acceptable salt thereof wherein the JV-substituted ditbiocaibaniate 
estff is deSned by the following structure (J£): 

H 

(H) 

wherein: 

a) X is substituted or unsubstituted heteroaryl; 

b) Y is H, CN or a substituted or unsubstituted group selected firom alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)NR'R^ C(0)R, NR^R', heterocycUc, 
heteioaiyl, aryl, aralkyl, heteiocyclylalkyl, heteroarylalkyl, aBcaxyl, 
alkjdheterocyclic, or alkyihetetoaryl;. 

c) R is H or substituted or unsubstituted lower aDqrl; 

d) R^ aad R^ are independently H, substituted or unsubstituted aDcyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaiomatic 
bridge, such as -(CHaV wherdn m is 2, 3, 4, 5, or 6; 

e) nisO-3;and 

f) mis 1-10. 

111) The pharmaceutical conq)osition of claim 110 wherein: 

a) X is optionally substituted heteroaryl; 

b) YisC(0)OR; 

c) R is H or lower alkyl; 

d) n is 0-3; and 

e) m is 1-10, preferably 1-5. 

1 12) The pharmaceutical composition of claim 110 wherein: 

a) X is substituted or unsubstituted heteroaryl; 

b) YisCOOCHs; 

c) n is 0-3; and 

d) m is 1-10, preferably 1-5. 

113) The phaimaceutical composition of claim 1 10 wherein: 

a) X is substituted or unsubstituted heteroaryl; 

b) YisC(0)NR^R^ 
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c) and are independently H, substituted or unsubstituted alkyl, or togettier 
with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroansmatic 
bridge, such as -(CHaV wherein m is 2, 3, 4, 5, or 6; 

d) n is 0-3; and 

e) m is 1-10, preferably 1-5. 

1 14) The pharmaceutical composition of claim 1 10 ^^erein: 

a) X is substituted or unsubstituted heteroaryl; 

b) YisC(0)R; 

c) R is lower alkyl; 

d) nisO-3;and 

e) mis 1-10. 

1 15) The pharmaceutical composition of claim 110 wherein: 

a) X is substituted or unsubstituted heteroar^; 

b) Y is substituted or unsubstituted aiyl, heteroaryl, or heterocyclic; 

c) n is 0-3; and 

d) mis 1-5. 

1 16) The pharmaceutical composition of claim 1 10 wherein: 

a) X is substituted or unsubstituted heteroaryl; 

b) Y is CN, H, NR^R^ or CH(NR^R^)C(0)0^ 

c) R is H or substituted or unsubstituted lower alkyl; 

d) R^ and R^ are independentiy H, substituted or unsubstituted alkyl, or together 
with N constitute a 3, 4, 5, 6, or 7 membered heterocyclic or heteroaromatic 
bridge, such as -(CH^W wherein m is 2, 3, 4, 5, or 6; 

e) n is 0-3; and 

f) mis 1-5. 

117) A pharmaceutical composition comprising a AT-substituted dithiocarbamate ester, or a 
phannaceuticaUy acceptable salt thereof, wherein the JV-substituted dithiocarbamate 
ester is defined by the following structure QI): 




(0) 



wherein: 
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a) X is a substituted or unsubstituted 2- or 3- benzoferan, benzothiophene, or 
indole; 

b) Y is H, CN or a substitated or unsubstituted group selected ftom alkyl, 
alkenyl, alkynyi, OC(0)R, C(0)NR^R^ C(0)R, NR^R^ heterocyclic, 
heteroaijd. aryl. aiaftyl, heterocycyclio-alkyl. beteroarylalkyl, alkaryl, 
alkylheterocyclic, or alkjdheteroaryl; 

c) R is H or substituted or unsubstituted lower alkyU 

d) B} and R^ are independently H or substituted or unsubstituted lower alkyl; 

e) nisl-3;and 

f) mis 1-12. 

118) The pharmaceutical compositicm of claim 1 17 y/bsxem: 

a) X is a substituted or unsubstituted 2- or 3- benzo&ran, be^ 

indole; 

b) YisC(0)OR; 

c) RisHorloweraJkyl; 

d) nisl-3;and 

e) m is 1-10, preferably 1-5. 

119) The phannaceutical composition of claim 117 wherein: 

a) X is a substituted or unsubstituted 2- or 3- benzofbran, benzothiophene, or 
indole; 

b) YisC(0)R; 

c) R is lower alkyl; 

d) nisl-3;and 

e) mis 1-10. 

120) The pharmaceutical composition of claim 1 17 wherein: 

a) X is a substituted or unsubstituted 2- or 3- benzofuran, benzothiophene, or 

indole; 

b) Y is substituted or unsubstituted aryl, heteroaryi, or heterocycUc; 

c) n is 1-3; and 

d) m is 1-5. 



SUBSTITUTE SHEET (RULE 26) 



wo 01/79164 PCTAJSOl/09037 

116 

121) A phannaceutical composition comprising a JV^substituted difhiocarbaxnate ester, or a 
phaimaceutically acceptable salt thereof wherein the JV^substituted dithiocaibamate 
ester is defined by the following structure (EC): 

CO) 

wherein: 

a) X is a substituted or unsubstituted alkyl ^up; 

b) Y is H, CN or a substituted or unsubstituted group selected firom alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)NR^R^ C(0)R, m}R\ heterocycUc, 
heteroaryl, aryl, aralkyl, heterocycycUc-alkyl, heteroarylalkyl, alkaryl, 
alkylheterocyclic, or alkylheteroaryl; 

c) R is H or substituted or imsubstituted lower alkyl; 

d) R^ and R^ are independently H or substituted or unsubstituted lower alkyl; 

e) nisl-3;and 

f) mis 1-12. 

122) A phannaceutical composition comprising a iV-substituted dithiocaibamate ester, or a 
phaimaceutically acceptable salt thereof wherein the iY-substituted dithiocarbamate 
ester is defined by the following structure (D): 

wherein: 

a) X is a substituted or unsubstituted carbohydrate; 

b) Y is H, CN or a substituted or unsubstituted group selected bom alkyl, 
alkenyl, alkynyl, OR, OC(0)R, C(0)NR^R^ C(0)R, NR^R^ heterocycUc, 
heteroaryl, aryl, aralkyl, heterocycyclic-aftyl, heteroarylalkyl, alkaryl, 
alkylheterocyclic, or alkylheteroaryl; 

c) R is H or substituted or unsubstituted lower aUcyU 

d) and R^ are independentty H or substituted or unsubstituted lower alkyl; 

e) ni5l-3;and 

f) mis 1-12. 
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123) A phannaceutical imposition comprising a JSr-substituted 

phannacentically acceptable salt thereof wherdn the 7\^-substituted dithiocaibaraate 
ester is defined by the foUowii^ stroctuie (JS) : 

(n) 

wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaiyl. heteroarylalkyl or 
heterocycUcalkyl, wherein the heterocycHc or heteroaryl binds to the molecule 
through a carbon in the ring of the heterocycUc or heteroaryi; 

b) Y is H, CN or a substituted or unsubstituted group selected from alkyl, 
alkenyl. alkynyl, OR. OC(0)R, C(0)NR'R^ C(0)R. NR^R^ heterocycUc, 
heteroaryl. aryl, aralkyl, heterocycycUc-alkyl, heteroarylalkyl, alkaryi, 
alkylheterocyclic. or alkylheteroaryl; 

c) R is H or substituted or unsubstituted lower aDcyU 

d) R* and r2 are independently H or substituted or unsubstituted lower alkyl; 

e) nisl-3;and 

f) mis 1-12. 

124) The pharmaceutical conqjosition of claim 123 wherdn: 

a) X is substituted or unsubstituted heterocydic, heteroaryl, heteroarylalkyl or 
heterocycHcalkyl, wherein fte heterocyclic or heteroaryl binds to die molecule 
through a carbon in the ring of the heterocycKc or heteroaryl; 

b) YisC(0)OR; 

c) R is H or lower aDqd; 

d) nisl-3;and 

e) mis 1-10. 

125) The pharmaceutical composition of claim 123 wherdn: 

a) X is substituted or unsubstituted heterocycUc, heteroaryl, heteroarylalkyl or 
heterocycHcalkyl, ^erdn the heterocycUc or hetetoarjd binds to the molecule 
through a carbon in the ring of flie heterocycUc or heteroarjd; 

b) y is an amino ad^ 

c) RisHorloweralkjd; 

d) n is 1-3; and 
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e) mis 1-10. 

126) The pharmaceutical composition of claim 123 wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylalkyl or 
heterocycKcalkyl, wherein the heterocyclic or heteroar^ binds to the molecule 
thiou^ a carbon in the ring of tiie heterocyclic or heteroaijd; 

b) Yi8C(0)NR*R^ 

c) RisHorloweralkyl; 

d) n is 1-3; and 

e) misl-lQ. 

127) The phannaceutical con^osition of claim 123 ^rbet&n: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroatyialkji or 
heterocyclicalkyU wherem the heterocyclic or heteroaryl binds to the molecule 

through a caibon in the ring of the heterocyclic or heteroaryU 

b) YisC(0)R; 

c) RisHorloweralkyl; 

d) n is 1-3; and 

e) m is 1-10. 

128) The pharmaceutical composition of claim 123 wherein: 

a) X is substituted or unsubstituted heterocyclic, heteroaryl, heteroarylalkji or 
heterocyclicalkyl, wherein tiie heterocyclic or heteroaryl binds to the molecule 
through a caibon in the ring of the heterocyclic or heteroaryl; 

b) Y is substituted or unsubstituted arjd, heteroaryl, or heterocyclic; 

c) R is H<v lower all^; 

d) nisl-3;and 

e) m is 1-10. 

129) • A pharmaceutical composition comprising a JV-substituted dithiocaibamate ester, or a 

phaimaceutically acceptable salt thereof wherein the JV-siibstitiited dithiocaibamate 
ester is defined by the following stiuctiire QS): 

H 

wherein: 
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8) X is substituted or unsubstituted heteiocycUc, heteroaiyl. heteroarylaBcyi or 
heterocycKcalkyii wherein the heteiocycUc or heteroaryl binds to the molecule 
flnou^ a caibon in flie ring of the heterocyclic orheteroaijd; 

b) YisCN,H,NR'R',orCH(NR'R^C(0)OR; 

c) RisHorloweralkyl; 

d) n is 1-3; and 

e) mis 1-10. 

130) A pharmaceutical composition comprising 4<tetrahydro&ian-2-ylmethylthio- 
caibamoylsulfenyDbutyric add methyl ester, or a pharmaceutically acceptable salt 
thereof 

131) A pharmaceutioal composition comprising: 
(Tetrahydrofuran-2-yhnethyl)dithiocaibamic acid methyl ester, 
(Tetrahydrofuran-2-yhnediylthiocaibamoyisuIfanyl) acetic add methyl ester, 
3-Cretrahydiofuran-2-yhnethylthiocaibamoylsulfanyl)- propionic addmethyl ester, 
4<retrahydro&ran-2-yhnethyllhiocaibamoylsulfanyl)- butyric add methyl ester, 
6-(Tetrahydrofuran-2-yhnethylfluocaihamoyl- sulfenyl)hexanDic acid methyl ester, 
4<retrahydroforan-2-yhnethyifMocaibamoylsummyl)-b\ity^ add; 
(Tetrahydrofuran-2-yhnethyl)dithiocaibamic add 4-0X0- pentyl ester, 
Cretrahydioftiran-2-yhnethyl)ditbiocarbaunc add 3-cyano- propyl ester, 
2.Amino-3-(tetrahydrofuran-2-yhne1hylthiocaibamoyl- sulfanyl)piopiomc add; 
2-Amino-4-(tetrahydrofuran-2-ytaielhylthiocaibamoyl- sulfenyl)butyric ad<t 
(Tetrahydiofuran-2-yhnethyl)dithiocaibamic add 3- carbamoyl-propyl est^, 
(Tetrahydiofiiran-2-yhnethyl)dithiocaibamic add 3- dimethylcaibamoji-propyl ester, 
(Tetrahydro&ran-2-ytaiethyl)di1hiocaibamic add benzyl ester, 
Cretrahydrofuran-2-yhne1hyl)dithiocaibamic acid 2,4- dichloro-benzyl ester, 
Cretrahydiofuran-2-yUnethyl)di1hiocaibamic acid phenyl ester, 
(Tetrahydiofuran-2-yhnethyI)di1hiocaibamic add 4Kihloro- phenyl ester. 
(Tetrahydiofuran-2-ytoiethyl)di1hiocaibamic add 2.4- diflnoio-phenyl ester, 
Cretrahydiofuran-2-yhnethyl)dithiocarbamic add tetrahydrothiophen-2-yfanethyl 
ester, 

(retrahydrofuran-2-yhnethyl)dithiocaibamic add thiophen- 2-yhnelhyl ester. 
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(Tetrahydrofiiran-2-ylmetibyl)dithiocarbaim add tetrahydrofliiophen-3-ylinefliyl 
ester, 

(Tetrahydiofurm-2-ylmefhyl)ditM acidthiophenr 3-ylmefliyl ester, 

(Tetrahydrofuran-2-ylmethyl)dithiocaiban^ add 2,5- didiloro-1hi<^hea-3-ylmeaiyi 
ester, 

(Tetrahydiofiiran-2-ylmethyl)ditbiocaibam add 3,3- dimethyl-2-Qxo-butyl ester, 
(Tetrahydrofuran-2-ylmethyi)dithiocaibamic acid tetrahydrofuran-2-ylmethyl ester, 
(Tetrahydrofuran-2-ylmethyl)ditbiocaAa^ add furan-2- ylmettiyl ester, 
(Tetrahydiotoan-2-ylmelhyl)di1iuocaibaimc add tetrahydiofuran-3-ylmetfiyl esten 
(Tetrahydrofuran-2-ylmefhyl)ditlriocaiba^ add fiiran-3- ylmcfliyl ester, 
(Teti^ydit)fin:an-2-ylmethyl)ditlriocaibamic add pyridin-2- ylmethyl ester; 
(Tetrahydrofuran-2-ytoethyl)ditMoc^ acid pyridin-3-ylniethyl ester, 
4-((S)-TetrahydiofuraD-2-ylmethylthiocaA^ sulfeayl)butyric acid methyl ester, 
4-((R>TetrahydiX)fiiran-2-ylmefhylt^ sulfanyl)butyric acid methyl ester, 

3-^E\iran-2-ylmethylthiocarbamoyl- sulfimyl)piopionic acid methyl ester, 
3-(MefhylthiocaAamoylsulfiinyl)propiomc add methyl ester; 

3- (Ethoxycaibon)4thiocarbamoylsulfanyl) propionic acid methyl est«; 

4- (2-Methoxy-ethylthiocarbamoylsidfiaiyl)butyric acid methyl ester, 
4-{Tetrdiydiofiiran-2-yimefhylsulfenyUfliio^ carbonylamino)biityric acid ethyl esten 
4-(Cyclohexyhiie&jdtiuocarbamoylsulfenyl)butyric acid methyl esten 
4-(Ben2ylthiocarbamoylsulfanyl)butyric add methyl ester, 
Methylditibiocarbamic acid methyl ester, 
(5-Chloro-2-methyl-phenyl)dithiocaibamic acid ethyl ester, 
4-[2-(lH-Iadol-2-yl)ethylthiocaibamoyl- sulfanyl]biityric add methyl ester, 
(2-Amino-3-benz3dthiocaAamoylsulfimyl)propiomc add; 
(3-Methoxyben2yl)dithiocarbamic add 3,3- dimethyl-2-oxo-butyl ester, 
(Pyridin-3-ylmethyl)dithiocarbamic acid 2,5- dichloro-thiophen-3-ylmefhyl ester, 
Allyldithiocarbamic add 2-aminoefliyl ester hydrochloride; 

. (2,4-didiloiobenzyl)dithiocarbamic add 2,4- dichlorobenzyi ester, 
Phenethyldithiocarbamic acid dodecyl ester; 
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(3-Methoxyprop^)dithiocaibarQic add 4- chloiopheayl ester, 
Mefliyldiftiocaibamic add 2,4-difluoroplieayl ester, 

3<5-CWoio-2-meth5dphenyltMocaibamojd-sulfin3d)propi<Miic addmefliyl ester, 

3- (2-Diethylamiiio-ethyllJiiocaibamoylsulfenyl)- propionic add methyl ester, 

4- (Allylthiocaibamoylsulfmyl)butyric add methyl ester, 

4-[2-(l-MetixylpyiioUdin-2-yl)ethylthiocaibamoyi- sulfenyllbutyric add methyl ester, 
Isobutjidithiocaibamio add 2,4-didilorobenzyl ester, 
4<retrahydrofum-3.ylmeth)dthiocaibamoylsulMyl)bu^ addmethjd ester, 
4-(Furan-3-ylmethyltbiocaibamoylsulfenyi)butyric addme&yl ester, 
4-(23-Dihydrobenzo&ran-2-ylmethyl1hiocarbamoylsul£myl)butyric add mefliyl 

ester, 

4^en2ofuran-2-y]methylthiocarbamoylsulfimy])- butyric add methyl ester, 
4<23-Dihydrobeiizofuran-3-yhnethylthiocaibamoylsulfmyl)butyri add methyl 

estoc; 

4-(BenzofhOTi-3-yhnethylthiocarbamDylsulfiaiyl> butyric add methyl ester, 
4-(3S,4R-Dihydioxyt6trahydrofuian-2S-yhnelhylfhiocarbamoylsul^ add; 

methyl ester; 

4-(3R,4R-Dihydroxytetrahydiofuran-2R-yhnethylthiocarbamoylsulfanyl)^^ add; 
methyl ester, 

4-(3R,4R-Dihydioxy-5R methyite1iahydrofuran-2S-yhnethylthiocarbamoylsulfenyl)- 
butyric add methyl ester, 

4<retrdiydiopyran-2-yhnethyltMocaibamoylsulfmyl)butytic acid methyl ester, 
4-(l-MethylpyiTolidin-2-yhnefliyllhiocaibamo3dsulfenyl)butycic add methjd ester, 
4-(lfl-Pynol-2-yhnethylthiocarbamoylsulfanyl)butyric add methyl ester, 
4-(lff-Pynol-3-yhnethylthiocarbamoylsulfenyl)butyric acid methyl ester, 
4-(5-Oxo-pynoUdm-2-yhnethylthiocaibamoylsul£anyl)butyric add methyl ester, 
4<l.Methyl-5-oxo-pyirohdin-2-5dmethylfhiocaibamojdsulfenyl)but^^ acid meflijd 

esten 

4-(Pyridin-2-yhnethylthiocaibamoylsulfinyl)butyric acid methyl ester, 
4.(l-Methyipiperidin-2-yUnethylthiocaibamoylsulfinyl)butyric acid methyl ester. 
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4-(Pyrazm-2-ylmefliylthiocaibamoylsulMy^^^^ acid mefliyl estei; 
4-(Pyriinidin-2-ylmethylthiocaAamo^s^ acid mefliyl ester, 

4<nriophen-2-ylmefliylthiocaibamoyl^ arid methyl ester, 

4<niiophen-3-yImethylthiocarbamoylsiilfanyl)but^ add methyl esten 
4<retrahydrothiophen-2-ylmethylthiocaAamoylsul^^ arid methyl ester, 

4-(BeQZo[Z>]tWophen-2-ylmethylthiocaibamoyl^^ arid methyl ester; and 

4-^enzo[6]thiophen-3-yhnethylthiocarbamoyl^^ arid mefliyl ester, 

or a phannaceatically acceptable salt fliereofl 

131) The mefliod of claim 70 wherem the VCAM mediated disease is a noncardiovascular 
inflaimnatory disease selected ftom rheranatoid and osteoarthritis, asflmia, dermatitis, 
psoriasis, cystic fibrosis, post transplantation acute and chronic solid organ rejection, 
and multiple sclerods. 

132) The mefliod of claim 70 wherein flie VCAM-mediated disease is a cardiovascular 
disease selected from atherosclerosis, post-angioplasty restenosis, coronary artery 
disease, angina and small artery disease. 

133) The mefliod of claim 71 wherein the VCAM mediated disease is a noncardiovascular 
inflanmiatory disease selected from rheumatoid and osteoarthritis, asflima, dermatitis, 
psoriasis, cystic fibrosis, post transplantation acute and chronic solid organ rejection, 
and multiple sclerosis. 

134) The mefliod of claim 71 wherein flie VCAM-mediated disease is a cardiovascular 
disease selected ftom atherosclerosis, post-angioplasty restenosis, coronary artery 
disease, angina and small artery disease. 

135) The mefliod of claim 72 wherein flie VCAM mediated disease is a noncardiovascular 
inflammatory disease selected fix>m rheumatoid and osteoarfluitis, asflmia, dermatitis, 
psoriasis, cystic fibrosis, post transplantation acute and chronic solid organ rejection, 
and multiple sclerosis. 

136) The mefliod of claim 72 wherein flie VCAM-mediated disease is a cardiovascular 
disease selected from aflierosclerosis, post-angioplasty restenosis, coronary artery 
disease, angina and small art^ disease. 

137) The mefliod of claim 78 wherein flie VCAM mediated disease is a noncardiovascular 
inflammatory disease selected &om rheumatoid and osteoarthritis, asflmia, dennatitis, 
psoriasis, cystic fibrosis, post transplantation acute and chronic solid oigan rejection, 
and multiple sclerosis. 
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138) The mefliod of claim 79 wherein the VCAM-mediated disease is a cardiovascular 
disease selected fiom atherosderoas, post-angioplasty restenosis, coronary artery 
disease, angina and small artery disease. 

139) The mefliDd of chum 100 wherem flie VCAM mediated disease is a noncardiovascular 
inflammatory disease selected fiom Aeumatoid and osteoarthritis, asthma, demiatitis, 
psoriasis, cystic fibrosis, post transphaitatioii acute and chronic sofid organ rqection, 
and multiple sclerosis. 

140) The method of claim 100 whetdn the VCAM-mediated disease is a cardiovascular 
disease selected fiom atherosclerosis, post-angioplasty restenosis, coronary artery 
disease, angma and small artery disease. 
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